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BACKGROUND OF THE INVENTION 



1. Pjgld of the Invention 

This invention describes the use of recombinant DNA 
technology for the design and synthesis of novel modified 
interferons. More specifically the invention relates to 
interferons not known in nature, which are intended for use 
in viral and neoplastic diseases, and inmuno suppressed and 
ininunodef icient conditions. 

2. Deeeription of thp Prior Art 

The interferons are a class of proteins that occur in 
vertebrates and act as biological regulators of cell function 
which include increasing resistance to pathogens, limiting 
cell growth and modulating the immune system. The most 
studied property of the interferons is their ability to 
convert cells into an "antiviral state" during which they are 
more resistant to virus replication (Lengyel, Annual Review 
of Biochemistry, 51, 251, 1982). In addition to conferring 
antiviral resistance to target cells, interferon (IPNs) have 
antiproliferative (antigrowth) properties (Stewart, 1979, The 
Interferon System, Springer, Berlin) . It has clearly been 
shown that interferons produced naturally act as antiviral 
and antiproliferative agents (Gresser et al, Biochim. 
Biophys. Acta, Slir 231, 1978; J. Exp. Med., Hi., 1316, 
1976) . 
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The IFN6, by virtue of their antigenic, biological and 
physico-chemical properties, nay be divided into three 
clasees: type I, IPN-bC(*leucocyte*) and IFN-p 
(•fibroblast') J and type II, IPN-V (•immune') (Stewart AJLjQr 
Nature, 286 * 110, 1980). Both genomic DNA cDMA clones of 
type I and type II IFNs have been isolated and sequenced, and 
the potential protein sequences deduced (e.g. Pestka, Arch. 
Biochem. Biophys., 221, 1, 1983). While in man only one 



multigene family comprising at least 20 genes. The 
classification of IFN- ^ and IFH-bCas type I interferons is in 
part determined by their significant degree of homology, >23% 
at the protein level (Taniguchi gt al. Nature, 2filr 547, 
1980). 

While the mechanism of action of interferons is not 
completely understood, certain physiological or enzymatic 
activities respond to the presence of the interferons. 
These activities include RNA and protein synthesis. Among 
the enzymes induced by interferons is (2 '-5') (A)n synthetase 
generates 2*-5* linked oligonucleotides, and these in turn 
activate a latent endorlbo nuclease, RNAse L, which cleaves 
single-stranded RNA, such as messenger RNA (mRNA) and 
ribosomal RNA (rRNA). Also induced by IPNs is a protein 
kinase that phosphorylates at least one peptide chain 
initiation factor anc this inhibits orotein svnthesis 
(Lengvel* ibid, p 2S3) IP^s have been shown to be negative 
growth regulators for cells bv regulation of the (2'-5M An 
svnthetase activity (Creasey et al* Mol and Cell Biol-' 3^ 
780, 1983) IPN-pwas indirectlv shown to be involved in 



IFN-^ and IFN-Y gene are known, human IFN^t^is specified by a 
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the normal requlatlon of the cell cycle in the absence of 
inducers through the use of anti--IFK-p antibodies. 
Similarly* IPNs have been shown to have a role in 
differentiation (Dolei et al. .1 Gen Virol . 46* 227* 1980) 
and in immunomodulation (Gresser* Cell Immunol • 34* 406 
1977) Finally I^Ns may alter the methylation pattern of 
mRNAs and alter the proportion of fatty acids in membrane 
Phospholipids thereby changing the rioiditv of cell 
membranes 



'''hese and other mechanism may respond to interf eron-like 
molecules in varying decrees depending on the structure of 
the interf eron-like polypeptide Preliminary evidence (nK 
Patent GB 2 090 258A) suggests that members of the multigene 
IFN-oc family vary in the extent and specificity of their 
antiviral activity (Pestka- ihid ^ For examole 
combination of T^K-bA with IPK-tfl) resulted in "hybrid" genes 
which show antiviral properties that are distinct from either 
parent molecule (Heck et al Nuci - Acids Res 9. 6153 1981; 
De La Maza et »1. J IFN Res . 3- 359- 1983? F^sh et al, 
Biochem Biophvs Res Commun • 112- 537 1983: Heck et ^1* 
Infect Immun • 3S 6fi0 1982) However hybrid human IPNs 
with significantly increased human cell activitv/specif icitv 
have not yet been developed One Patent has been published 
describing TF^-p/bd hybrids (PCT/US83/00077) This patent 
describes three examples* none of which have significantly 
improved activity- The three examples were constructed 
usinq two naturally occurring restriction sites The 
resulting hybrid interferons were 1) aloha 1 (1-73) -beta 
(74-166) t 2> beta a-73)-alpha 1 (74-166) t and 3) aloha 61>^ 

//7 
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(l-41Wbeta (43-*^ 66) These three examples differ 
structurally from the examoles of the present invention 
These three examples were based upon the accidental location 
of two restriction sites and not upon the intentionally 
desioned HNA and amino acid sequences of the present 
invention 

▼t is envisioned that a modified interferon will display 



a new advantageous phenotvoe The design and synthesis of 
new interf«ron-like polypeptides composed of portions of IFK-p 
and other amino acid sequences is advantageous for the 
following reasons: 

1. New IPWs can be created which show a greater 
antiproliferative to antiviral activity (and vice 
versa^ resulting from the selective activation of 
only some of the normal interf eron-induced 
biochemical pathways 

2. The affinity of hybrid or modified ipws for cell 
surface receptors can differ from that of naturally 
occurring interferons This will allow selective 
or differential taroeting of interferons to a 
particular cell type or increased affinity for the 
receptor - leading to increased potency aaainst a 



3. It will be possible to design novel IPNs which have 
an increased therapeutic index thus excluding some 
of the undesirable side effects of natural IFNs 
which limit their use (Powledge. TM Biotechnology, 
2. 214. Harch 1984> ■ 



particular virus disease or malionancv. 





• • • • 
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4* Novel XFN8 can include in the design Btructures 
which allow increased stability to proteolytic 
breakdown during microbial synthesis. 
Novel IFNs can be designed to increase their 
solubility or stability in vivo, and prevent 
non**8pecif ic hydrophobic interactions with cells 
and tissues. 

6. Novel IPNs can be designed which are more readily 
recovered from the microbial suf>ernatant or 
extract* and more easily purified. 

i^dditional Peli^vant Patent Applications 

UK No- GB2 116 566 A - Animal interferons and processes 
for their production 

0^ No 4 414 150 - Hybrid human leukocyte interferons 
DK No. GB 2 068 970^ - Recombinant DNA technique for the 
Preparation of a protein resembling human interferon 



Recombinant DKA technologies were successfully applied 
to produce modified beta interf eron-like polypeptides 
nucleic acids (either D^a or RNA^ which code for these 
modified beta interferons plasmids containing the DNA coding 
for the modified beta interferons and procedures for the 
synthesis of these modified beta interferons Bach of the 
amino acids 1-56 of human beta interferon may individually be 
replaced bv any other amino acid This replacement may be 
accomplished in groups of three to fifty-six amino acids 



SUMMARY OP TPE INVRNTTOK 
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'^ne preferred embodiment is the replacement of each amino 
acid from 2 to 7 and 9 to 56 of human beta interferon bv 
another amino acid • Another preferred embodiment is the 
replacement of each beta interferon amino acid from 9 to 56 
by four to forty-seven other amino acids. The beta 
interferon amino acids 2 to 7 and Q to 56 may be replaced by 
corresponding sequential human alpha interferon amino acids 



Among the alpha interferons are alpha 1» alpha 2 and alpha H 
The alpha and beta interferons from any mammal may be used- 
including but not limited to humans or other primates 
horses- cattle* sheep rabbits* rats and mice- In one 
embodiment of the invention- the cysteine 17 or methionine 31 
in human beta interferon may optionally be replaced by serine 
17 for leucine 17) and/or lysine "^1 Tn some examples e g. 
IFKX410 (Chart 3d) the cysteine or leucine or serine at 
position 17 is renumbered as position 16 because the inserted 
amino acids upstream of position 17 contain one less amino 
acid. Yet another embodiment of the invention discloses the 
use of the modified beta interferons where in one or more of 
the antiviral- cell growth regulatory or immunomodulatory 
activities is substantially changed from that of the 
unmodified beta interferon Particularly preferred 
embodiments are the amino acid sequences of IPNXA02. 403 
404. 406 407 408 409- 410 415 419 and 420. Yet another 
preferred embodiment of the invention is DNA or RNA sequences 
which code for the synthesis of IPNX402. 403 404- 406 407 
408, 409. 410 415 419 or 420- Yet another embodiment of 
the invention is a pharmaceutical composition containing an 
effective amount of TFNX402. 403- 404. 406 407 408 409- 
410. 415. 419* 420 A final embodinent of the Invention is 
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the use of pharmaceutical oompoeitionB containing the 
modified beta interferons in a method of treatinq viral 
infections- regulating cell qrovth or regulating the immune 
system . 

It was reported that the change of amino acid residue 17 
from cysteine to serine markedly increased the specific 
antiviral activity of IFN-^ produced in E*coli (TNO 
Interferon meeting Rotterdam April 19B3) Tn the present 
invention this result is not confirmed- and the alterations 
in biological activitv demonstrated by some of the novel IPNs 

17 

'shown in Tables 1-16) are therefore not due to the Ser*^ . 
Other amino acids may be present at residue 17 (or residue 
16 e q* Chart 3d) - such as cysteine leucine or alanine 
In the present disclosure* the amino acid at residue ^7 is 
either cysteine* serine or leucine* 

Novel, modified IFNs with increased biological activitv 
are disclosed in the present invention which may be more 
effective in the treatment of viral or neoplastic diseases 
or imrounosuppressed or immunodef icient conditions. Novel - 
modified IFNs are disclosed which have substantially lost one 
or other of the activities measurable in vitro (e.g. 
antiviral* antiproliferative or immunomodulatory). 



An increased target cell specificity or an increase in 
IFN activitv can result in an improved therapeutic index 
This should exclude some of the side effects caused by the 
use in humans of naturally occurring IFNs. 





0131010 



This invention relates to the production in sufficient 
amounts of novel- highly active, and/or hiqhly specific 
interf eron-like nolecules suitable for the prophylactic or 
therapeutic treatment of humans - notably for viral 
infections malignancies and imnunosuppressed or 
inmunodef icient conditions 

wrief Description of the charts and tables 

Piqure 1 shows the Sternberg-Cohen 3n model of 



Chart 2 'a to g) shows the liaated oliaonucleotides used in 

the conBtruction of the novel modified IFK 
aenes 



'"hart 3 (a to shows the complete nucleotide Bequences of 

the novel- modified IFN genes and the 
encoded amino acid sequences 



and p interferons- 



rhart 4 



shows the nucleotide sequence of the trp 



promoter u&ed to initiate transcription of 



the novel* modified IFN genes 



Table 



compares expression- antivired and 
antiproliferative activities in bacterial 



extracts for some novel* modified IFNs 



Table 2 



compares antiviral activities of IFN-p, 



TFKXB05 and IPNX415 in 3 different cell 



lines. 



Table 3 



compares antiproliferative activities of 



^TFNxees and IFNX415 in 3 different cell 



lines. 
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'Viable 4 



compares the ability of purified IFN-f , 



TPWX805 and IFNX415 to stimulate 



^ntibody-Dependent Cellular Cytotoxicity 



(ADCC) . 



DESCRIPTION OP THE PREFERRED EMBODIMENTS 



Tntroduction 

''^be IFN-p qene is a unique gene but shows some 
significant homologies to the multioenic IFN-tC family 
(Rubinstein. Biochim Biophys. Acta, 695- 5- 1982) 
Kternbero and Cohen (Int- J Biol Macromol.. 4. 137* 1982) 
have proposed a similar secondary structure for IFN-^ and 
IFN-H^. Structure prediction studies suggest f our bc-helices 
which can be "packed* into a riaht-handed bundle (Figure 1) 
similar to that observed in several unrelated protein 
structures as determined bv X*rav crystallography. The 
design of some of the modified interferons described herein 
is derived from our interpretation of the Sternberg /Cohen 
model. Since IFNs^nd are believed to bind to the same 
receptor at the cell surface it is possible to introduce 
variability into IFN-p bv replacing specific areas with IFN-t< 
seaments or anv other amino acid sequence. The construction 
of these interferons has resulted in novel/ hybrid 
interferons with altered biological properties. JQl these 
interferons were active to some degree suggesting a larqe ' 
measure of variabilitv in the nature of the inserted amino 
acid sequence which would give rise to an active molecule. 
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In this invention each anino acid in the 1 to 56 region 
can be replaced bv any other naturally occurring amino acid 
The naturally occurring anino acids and their nomenclature 
are: alanine fAla or A) f valine (Val or V) y leucine 'Leu or 
r.) I isoleucine (He or proline (Pro or P); phenylalanine 
(Phe or F>> tryptophan (Trp or W> j methionine (Met or M)j 
qlycine (Gly or ; serine (Ser or f threonine C^hr or ; 
cysteine (Cys or C); tyrosine 'Tyr or Y^i asparagine (Asn or 
K^ ; glutanine (Glu or Q) } aspartic acid (Asp or glutamic 
acid (Glu or E^j lysine (Lys or Klj arginine (*rg or RV; and 
histidine (His or B> • 

Accordinqly the field of the present invention is the 
design- synthesis and characterization of interf eron-like 
molecules related to IFN-^ which may have IPN-p amino acid 
sequences replaced with any other amino acid sequence- 
unrelated protein sequence, or seouences similar to those of 
TFN-^6» or 'Y found in mammals and other vertebrates 

Though binding of hybrid IFN-pCs {t(^ andbCj in Streuli 
et al. Proc Natl. Acad. Sci DSA 78, 2848, 1981), an 
attempt was made to analyse the number and nature of 
idiotypes involved in the receptor binding site of iFN-^tfs- 
Two sites were proposed as constituting the binding site- one 
in the amino-terminal half and the other in the 
carboxy-terninal half of IPN-bC The two major reqions of 
partial homology between IFN-b^s and IF^-^ occur between 
amino acid residues 28-80 and 115-151 which may well 
correspond to the above mentioned idiotypes. Evidence that 
the 28-80 region may be important in receptor binding come 
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from the finding that polyclonal antibodies raised aqainst a 
synthetic peptide composed of IPN-»^ amino acids 24-81 - bind 
to IFN-ft^ and prevent it interacting with its cell receptor 
(Dreiding- TNO Interferon Meeting- Rotterdam 1983) The 
modified interferons of this invention* such as IFRXA02 
'TPH-p[p(9-56)]-[tdj^(7-54)l) display dramatically reduced 
human cell antiviral and natural killer cell activities 
relative to antiproliferative activity. Other examples of 
novel interferons derived from IFN-^ having altered amino 
acids between IFN-^ residues '9 and *56 were among those 
synthesized. IFN-^lp(9-56)-»b^(7-54n denotes that amino 
acid residues 9*56 inclusive of IFN*^ are replaced by 
residues 7-54 of IFM-o^^. These examples illustrate the 
invention and are not intended to limit the scope of the 
invention in any way. Below are described techniques used 
in the design chemical synthesis and insertion of DNA 
fragments in the 1-S6 region of the human IFN-^ gene The 
resultant novel r modified IFKs are hereafter described as 



group II IFN6. Decreased antiviral or increased 
antiproliferative activity are among the altered properties 
shown by some of the group II novel IFNs with amino acid 
replacements in the 1-56 regipn* The techniques described 
will be familiar to anyone skilled in the art fe.g. see also 
Molecular Cloning A Laboratory Manual r eds Maniatis et al. 
Cold Spring Harbor Laboratories]. 



Design of the synthetic gene fragments 

"^he nucleotide sequences of each synthetic DNA fragment 
(Charts 2a-2e^ were designed utilizing the following 
criteria: 
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1. 



Codon utilization 'where it deviates from 



IFK-^ gene Beauence) wa& optinized for expression 
in E.coli. Natural IP^-^ qene sequences were used 



as far as possible in order to obtain levels of 



expression of novel IFNs as hiqh as that of IPN-f 
from plasnid pGC^d (see Table 1). p6C10 



(*4,440bp^ expresses the natural IFN-0gene at a 
hiah level and is identical to pl/24 (dearie Patent 

2 068 970A, hereby incorporated by reference) 
except for the ribosome binding site sequence shown 
in Chart 4 and the deletion of the "546bp 
^qlll-BamHI fragment. 
2. Sequences which might anneal to each other in the 
assembly of the chemically synthesized fragment 
rchart 2) were not included in the design (within 
the limits allowed bv the redundancy in the genetic 
code^ 

Chemical Synthesis of Gene Fragments 

niigodeoxyribonucleotides were synthesized by the 
phosphor amidite method (M.E. Caruthers in "chemical and 
''^nzymatic synthesis of Gene Fraoments*. ed. B-G- Gasen and A 
^•ang Verlag Chemie# 1982. p 71) on controlled pore glass (H. 
Foster et al. Tetrahedron- 40- 103 1984> . Fully protected 
2'-deoxyribonucleotide S'-phosphoramidites were synthesized 
from the protected deoxvribonucleotide and 
chloro-N.w-(diisopropylamino>methoxyphosphine (L.J, McBride 
and M H Caruthers Tetrahedron Lett - 24- 245- 1983 and S A* 
Adams et al. J- Amer Chem. Socr 105- 661- 1983) 
Controlled pore glass supports were synthesized as described 
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'F. Chow et al» Nuc Acids Res . 1981 9* 2807) giving 
-50|iinol deoxvnucleoside per gram. 



The f unctionalised controlled pore glass tSBmg) vas 
treated in a sintered glass funnel at ambient temperature 
aeauentially with: 



1* dichl or ome thane (3ml 10s) 

2. 3% (Vv) dichloroacetic acid in dichloromethane 
r2ml 120s) 

3. dichloromethane r3ml 10s) 

A. anhydrous acetonitrile r3ml IBs) 

B. phosphoramidite monomer (0 0fiM) /tetrazole (0.23M) 
in anhydrous acetonitrile (1ml. 120s) 

fi- acetonitrile '3ml* 10s) 

?• dimethylaminopvridine (0 07M) in acetic 

anhydride/2. 6-lutidine/acetonitrile (l/2/6Vv) 
flml. 60s) 

8. acetonitrile Oml 10s) 

iodine (0 2m) in 2 -^^-lutidine/tetrahydrofur an/water 

a/2/2 Vv) (1ml. 30s) 
10. acetonitrile (3ml. 10s) 



The cycle vas repeated with the appropriate 
phosphoramidite monomer until the immunogenetic chain vas 
complete The coupling efficiency of each cycle vas 
monitored by spectrophotometric assay of the liberated 
dimethoxvtritvl alcohol in ^0% i^/v) trichloroacetic 
acid/dichloromethane at 504nm After completion of the 
synthesis the protecting groups vere removed and the 
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oligomer cleaved from the support bv sequential treatment 
vith 3% (Vv) dichloroacetic acid/dichloromethane 91208). 
thiophenol/triethylamine/diojtan (l/l/2Vv^ (Ih^ and 
concentrated ammonia at 70^c (4H) . The deprotected 
oliqonucleotides were purified either bv BPLC on a Partisil 
10 SAX column using a gradient from IM to 4M triethylammonium 
acetate pR4.9 at 50^C or bv electrophoresis on a denaturing 
^5<t Dolvacrylamide gel (pH8.3) 



Ligation of„01iqonucleotide Blocks 

■^00 pmole aliquots of the oliqonucleotides were 
phosphorylated with 1 unit of induced polynucleotide 
kinase in 20|jl of a solution containing 1000 Ci/pmole 
r^^p]Y-ATP (2*5 Ci/mMole>/ 100pM spermidine. 20mM DTT 10mM 
MgCl^. 50inM Tris^BCl (pB9«0) and 0.1mM EDTA for 60 minutes at 
37^C. The mixtures were then lyophilized and each 
oligonucleotide purified in a denaturing 15% polyacrylamide 
oel fpB^*3). After elution from the gel/ the recovery was 
determined bv counting the radioactivity. 



Blocks (length 30-50 bases) were assembled bv combining 
25 pmole of each phosphorylated component with equimolar 
amounts of the unphosphorylated olioomers from the 
complementary strand The mixtures were lyophilized and 
then taken up in 15pl water and 2^ 10 x ligase buffer (500mH 
Tris-BCl pR7.fi, 100mH HaCl^) • The blocks were annealed at 
100^C for 2 minutes then slowly cooled to room temperature 
'20^0. 2pl 200mM DTT and 0.5pl 10mM ATP were added to give 
final concentrations of 20inM PTT and 250 pH ATP in 20pl* 
1*25 units of T4 DNA ligase were also added* After 18 hours 
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ftt 2e^C- the products ver« purified in a 15% Dolyacrylanide 
oel under denaturing conditions 

Two duplex blocks were then constructed fron the 
single-stranded pieces. (These were 150 base pairs and 75 
base pairs). 1.5 pinole of each block were taken and the 
mixtures lyoohilized Annealing was carried out in 15pl 
water and 2^1 10 x lipase buffer at 100^C for 2 minutes then 
slowly cooled to 10^C. 2pl 200inM DTT 0.5^1 10inM ATP and 
1.25 units T4 DNA lioase were added The reaction was left 
at 10 C for 18 hours. The products were then purified in a 
10% native polyacryleunide gel. 

The final product was assembled by combining 0-4 pmole 
of the two duplexes. The mixture was lyophilized and then 
taken up in J5pl water and 2pl 10 x ligase buffer. It was 
annealed at 50^C for 2 minutes and then slowly cooled to 
10^C. 2pl 20nM DTT 0.5^1 10nH ATP and 1.25 units ligase 
were then added and the reaction left at 10°c for 18 hours. 
The final product was purified in a 5% native polyacrylamide 
qel. After elution and ethanol precipitation- the product 
was taken up in 10pl water. 0.5(il were removed for counting 
to calculate the recovery- 2pl 10 x ligase buffer, 2ul 
200mM DTT, 2pl im spermidinef l|il 10mM ATP, 3^1 water and 
0.5 units kinase were added to the rest (total volume 20ul) 
The reaction was left at 37 C for 1 hour and stopped by 
heating at 90^C for 2 minutes. The final product was 
ethanol precipitated. 
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ronstruction of plasmids expressing novel modified 
interferons 

This section lists and identifies the vectors enploved 
in the cloning of the synthetic D>'A fragments (Chart 2) into 
the ZFN--^ coding region, the restriction enzyme sites* used 
for the insertion/ and the rationale for the construction* 
The positions of these sites* are shown relative to the 
complete coding nucleotide sequences of the group II novel 
IFN genes (Chart 3) The IFK-^ (or novel IFN) coding reqion 
is shown as a heavy line and would be translated from left to 
riqht. The vector sequences between the Balll (or BamHI) 
site and the EcoRI site are the same as those in pAT153 
(equivalent to pBR322 with a 705bp Baell fragment deleted - 
nucleotides 1,646*2,351 on the map) A vector denoted by 
*m" instead of *p* refers to M13 mp8 sequences between the 
^coRI and BamBI sites. The E.coli tro promoter fCbart 4) 
lies between the f coPi site and £1aJ Bite (or equivalent 
position in IFNX407, X408 and X409) . 

Example 1 

IFNV4B7 IFN-piP^"^^^-»b^''^54j 

This is IFNX402 with a change from Cys^^ to Leu^^ and 
was designed to determine the effect of residue 1? on 
antiviral and antiproliferative activity. Starting 
vector; pMN39-l . pMN39-l is identical to pl/24 (HK 
latent — Application GB 2 068 970A) except that the 
*546bp BqlTl- ^Bam HI fragment is deleted. 

I6t) 



PMN39-1 




01 31 81 fi 



EcoRI Hlnfl* 



Deleted 

) 




vector 



vector — ♦ 



IFN-e 



» synthetic oliaonucleotidc (Chart 2a) was inserted 
between the Binfl* and Hgal* sites to give the 
nucleotide seauence shown in Figure 3a. IMPX^B? i 
expressed from plasnid pJA29 



Example 2 

IFNX4g8 IPN-f fp**-5*-»«^^*^'**JICys^*'-*Serl 
This is derived from IPNXA04 and was designed to 
determine the effect of the change of residue 17 from 
Cys to Ser (IFN-^ with Ser^^ was first disclosed by 
r.etuB Corp., TNO Interferon Meeting. Rotterdam. April 
1983) . 

Startin g vector ; PXX4B4. pXXABA is similar to pV24 
rOK Patent Pilinq Application GB 2 068 97BA) . except 
that the IFN- famine acid residues 44-56 are replaced by 
IFN-Kl residues 42-54. 
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PXX404 




The Cys ->Rer change to pXX404 was acconplished bv 
oligonucleotide-directed (or site-directed) mutagenesis 
rzoller and Smith, Mucl. Acids Kes . 10. 6487- 1982) 
An EcoRI-BamHI f*l,176bp) fragment was subcloned in M13 
npB for mutagenesis usinq the primer 
«i'-CTGACTCTGAAAATTG-3* to give Ml 3 recombinant. mJAR. 
riones vith the codon 17 sequence 5'-AGT-3' (Rer) were 
isolated (mJA9) and an EcoRI-Bglll fragment subcloned in 
the EcoRI-BamHI vector fragment of pXX404 to give 
TF*^X^08 expression plasroid pJA27 (Chart 3b)* 

Exam p le 3 

IFNV4e9 IPN-prp*^*^^-*b^**"^^J rCys^'-^Ser) 
TFNX409 is an analogue of IFKX^BB (and IFNX4B4) and was 
desiqned to replace the Glu at amino acid residue 42 
vith Gin to test the effect of changing the predicted 
secondary structure, since the Glu-Glu-Glu sequence (at 
residues 42-44^ was considered unfavourable 
starting vectors nJA9 ^see.above> • This phaqe Ml 3 
vector contains the entire coding sequence of IPNXA08 on 
an EcoRI-BamBI fragment* 



4 
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I&JA9 




The Glu >>Gln change to m^h9 was accompliehed by 
oliqohucleotide-directed mutagenesis as above using 
the primer 5 • -»AACTCTTCTTGAGGGATGTC-3 • . with the 
modification described by Nor r is et al. Nud. Acids 
Res.. 11. 5103 1983. Clones with the codon 42 
Sequence S'-CAA-3' (Gin) were isolated and an 
RcoRI-BqlTl ''620bp fragment subdoned in the EcoRI-BamHI 
vector fragment of pXX^04 to give paA31. the plasmid 
expressing IFNX409 (Chart 3c). 



E xample 4 

IFNX410 IFN-f tp^''Wt'2^'^Up''^*->«^^'''^*J 
This modified, novel IFN was constructed to investigate 
the additive, synergistic or other effect of combining 
in one molecule sequences from two different IFN-^'s. 
IFNX410 is related to IFNX402. 

starting vector t pHN47 . This vector contains an 
entirely synthetic IFN-^ gene (Chart 3 j) inserted . 
between the Clal and BamBi sites of pl/24C (pl/24C is 
identical to pl/24 except for the underlined sequences 
in Chart 4) . 
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PMN47 



EcoRl Clal* Krul* BanHI 




iFN-e • — ^ 



vector 



A synthetic oliaonucleotide (Chart 2b) was inserted 
between the Clal* and Nrul* sites to give the nucleotide 
seauence shown in Chart 3d. IFNX410 is expressed from 
plasroid pAS213. 



ample 5 

IFNY415 iFN-p rp28^46_^^28-46j jcys^''-»Ser] iMet^^Lysl 
This novelr nodified IFN was designed to test the 
generality .and extent of substitutions in the 9-56 
reaion of IFN-^ causing decreased antiviral activityr 
and to enhance or depress other IFN activities. 
Startin g vector ; i>aE4« pAP4 expresses IFN-^ and is 
identical to pGClB except that the serines at amino acid 
residues 74 and 75 are coded bv TCC and TCGr 
resf>ectivelv. These serine codons were changed from 

« 

TCA and TCT in order to introduce an unique Xhol site to 
facilitate the insertion of synthetic DNA. This was 
accomplished bv oliaonucleotide-directed mutagenesis 
fZoller and Smith, Nucl. Acids Res . 10. 6487* 1982} 
using the mismatch primer: 5«-CAGTGCTCGAGGAATCTTQTC-3 • 
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EcoRI Clal* 



vector 



Xhol* 




IFN-B 



(Bqlll) deleted 



vector 



A synthetic olioonucleotide (Chart 2c) was inserted 
between the Clal* and XhoT* sites of pAP4 to give the 
nucleotide sequence shown in Chart 3e. IPNX415 is 
expressed from plasnid pAP7. 



FixaiDple 6 

IFMX4e2 irN-prp®^56^^7-54^ jj^^^l7^j.ygl7^ 

This novel, modified IFN was designed to examine the 
effect of substituting a region from IPN-K^ into IFN-p 
on relative antiviral, antiproliferative and 
immunostimulating activities. 
fitartinq vectort pl/24> as above 

Tt contains the mature, natural human IFN-p gene which 
is expressed under trp promoter control* 
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pl/24 



EcoRI Hinfl* Hqal* 



BanHI 



IFN-B 




vector trp 

promoter 



vector 



A synthetic oliaonucleotide (Chart 2d) was inserted 
between the Hinfl* and HaaJ* sites of pl/24 to give the 
nucleotide sequence shown in Chart 3f . IPNXA02 is 
expressed from plasmid pXXA02. The "5465? Bglll-BamHI 
fragment is then deleted to obtain hiqh level 
expression. 

Example 7 

IFNX419 IFN-prp^^^2-»»<^''^*^l 

This novel, modified IFN was designed to test the 
aenerality and extent of substitutions in the 9-56 
region of TFN-p causing decreased antiviral activity and 
to enhance other IFN activities. The positioning of 
the substitution reflects the difference between IFNXA02 
and IFNX404. 
Starting vector: pGClB 
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VGC10 



EcoRI Clal* PvuII* 



deleted 
(Bqlll) 



I 




vector trp 



IFN-6 



vector 



A synthetic oliaonucleotide 
between the Clal* and Pvuti* 
nucleotide sequence shown in 
expressed from plasmid pAP6. 



(Chart 2e> was liqated 
sites of pGC10 to give the 
Chart 3g. IPKX419 is 



Example.8 

IFNV420 IPN-^rp^^"*^-^t^^^^*^l iCys^^-^Ser] 
The rationale for construction was the same as for 
IPNX415; the changed amino acid sequence was a subset of 
the changed amino acid sequence in IPNX419 (b^j^7-40) • A 
synthetic oliaonucleotide (Chart 2f) was liqated between 
the Clal* and PvuII* sites of pMN47 to give the 
nucleotide sequence shown in Chart 3h, IFNX420 is 
expressed from plasmid pNW25. 
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IFNX404 iPN-prp**""-^<2-54j 

This novel r modified IPN was designed to examine the 
effect of substituting a region from IFNh^ into IPN<-^ 
on relative antiviral, antiproliferative and 
immunostimulating activities* 
Starting_vector ; pl/24 > as above 



pl/24 



EcoRI Ddel* Hgal* Bglll BamHI 




promoter 



A synthetic oligonucleotide fChart 2q) was inserted 
between the Ddel* and Bgal* sites of pl/24 to give the 
nucleotide sequence shown in Chart 3i« IFNX404 is 
expressed from plasmid pXX404. The ''546bp Balll-BamHl 
fragment is then deleted to obtain high level 
expression* 

Expression of novel, modified tfns in Escherichia coli 

All the above mentioned plasmids were grown in B»coli 
HBIBI in the presence of a low level of tryptophan to an 
^^600 then induced for IFN synthesis. The medium 

r200ml) contained: M9 salts, 0 5% glucose, 0.1mM CaCl2* 0.5% 



^7- 0:1 .8.1 15 le 

rasamino acids* InM MgSO^r 0*ling/ml vitamin B^, 2*5|jg/ml 
tryptophan and 100pg/iQl carbenecillin. 



200ml of medium was inoculated with 2~4ml of an 
overnight culture of each clone 'in the host E.coli HB101) 
qrovn in the above medium except for the presence of 
42.5pg/ml tryptophan and grown at 37^C with vigorous 
aeration. At OD^^^ of 0.5r indole acrylic acid- the inducer 
of the E>coli trp promoter and therefore also of IFN 
synthesis* was added to 20pg/ml* At 4-5 hours after 
induction 16ml of culture was withdrawn fODgggB0.75*l .2 
range) and split as follows: 1) 1ml was for estimation of 
total *60lubilized* IFN antiviral or antiproliferative 
activity (the activity regained after a 

denaturation/renaturation cycle} ; and 2) Iml was for display 
of the total accumulated E»coli proteins plus IFN in a 
polyacrylamide ^el. 



a) Estimation of TOTAL "solubilized* IFN antiviral 
activity 

For recovery of TOTAL "solubilized* IFN antiviral 
activity, the pellets were vortexed in 20^1 "lysis 
buffer* per 0.1 ^^^00 P^t ml of culture* (*Lysis 
buffer" is 5M urea, 30roM NaCl, 50mM Tris-BCl pR7.5r 
1% SDS, 1% 2-mercaptoethanol. 1% BSA) • The 
mixture was heated for 2-3 min. at 90^Cr frozen at 
*70^C for 15 min., thawed and centrifuged at 17K 
rpm for 20 min. The supernatant was diluted in 1 
log steps to It 10^* and appropriate dilutions 
immediately assayed for IFN antiviral activity bv 

/3? 



f 4 

0131816 

nonitoring the protection conferred on Vero cells 
against the cvtopathic effect (cpe) of EMC virus in 
an in_vitro micro-plate assay system (e.g see Dahl 
and Degre- Acta. Path. Microbiol- Scan • 1380, 663- 
1972)- The diluent was 50mM Tris-BCl pB^.S. 30mM 
NaCl • 1% human serum albumin (HSA^ • 
b) Polyacrylamide oel electrophoresis of_total 
polypeptides 

Cells from 1ml of culture were mixed with 10^1 per 
fl.l ODgg- per ml of final sample buffer: 5m urea, 
1% SDS, 1% 2-mercaptoethanol . 50mM Tris-BCl pB7.5» 
30ml4 NaCl and 0.05% bromcphenol blue. The mixture 
was heated at 90^C for 5 min.^ centrifuged for 10 
min. and 5-7|jil loaded on a 15% acrylamide/0.4% 
bisacryljaroide "Laemmli" gel. Electrophoresis was 
at 70V for 18 hours. The gel was fixed and 
stained with Coomassie brilliant blue, then dried 
and photographed. 

Purification and biological properties of TPNy407 ._X408 and 

X415 

One litre culture was induced and grown to OD^^^ 1-2 as 
described above- The cell pellet was resuspended in 30inl 
50mN Tris-BCl pB8.0 and sonicated on ice. 4x1 min at 10 0W 
and then centrifuged for Ihr at 15K rpm- 30ml boiling 
extraction solution r50mM Tris-BCl pB8.0r 50mM DTI and 1-2% 
6DS) was added, mixed and the solution was sonicated. The 
solution was then boiled for 5 min., centrifuged for Ihr at 
15K rpm. and to the supernatant was added {NB^)2S0^ to 40% 
saturation. After 15 min. the precipitate was collected by 
centrifugation at 10K rpm for 20 min. The pellet was 
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rttdisBolved by addinq Sml warn RBirM Tiis-HCl pR8.0. 
Following a 15ic cpn spin for Ihr. the solution was ra-reduced 
in S0nM DTT by boiling for 5 nin. 

The IPNs were fractionated on a 2.35cm x 70cd eoluan of 
UCB AcA44 in 0.1% RDS* 50iiM Tris-BCl pB8.0. and the peak 
fractions containing l-2ng ZFN were pooled. 

To remove 6DS and deplete pyrogenSf either a) the 
protein was acetone precipitated and redissolved in 50% 
formic acid- 10% isopropyl alcohol (solvent A)i or b) 6 parts 
formic acid and 1 part isopropyl alcohol were premixed and 
added to 3 Darts sample. The mixture was applied to C*1B 
Rep-Pak TM (capacity greater than '^mg) or to a C-18 Bond Elut 
(Anachem) • The columns were first washed with solvent A 
(2*4ml^ and the XPN eluted with 50% formic acid 50% 
isopropyl alcohol. 

The eluted IFN was dialysed against water to remove 
formate and then into GuBCl (6H) • 100iiiH Tris-BCl pBB.0. To 
renature the IFN. the sample was reduced in 10mH DTT at 
100°C. then diluted 100-fold into i00nM Tris-BCl pB8.0, 200mM 
KCl. ImM EDTA and either 0.1% Tween-20 or 1% bsA. Protein 
was estimated prior to biological assay. 

An tiviral assays of purified» modified interferons 

A single virus (encephalomyocarditis -EMC) was used to 
determine antiviral activity in primate cells- 
Determinations" were made with a virus cytopathic effect (cpe) 
assay following challenge of cells of Monkey (Verol and human 
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f Chang conjunctiva and Searle 17/1 fibroblast) origin (Dahl 
and Degre* ibid. ) . 



Antiproliferative asBays of,purified> novel interferons 

Antiproliferative activity was asaessed by the ability 
of the IFN to inhibit the replication of three hunan cell 
lines (Horoszevicz et al. Science, 206. 1091 # 1979) - Daudi 
flymphoblastoid) r HEP-2 (carcinoma) and RD 
(rhabdomyosarcoma) . Daudi cells (in log phase) were 
cultured for 6 days in 96 veil plates in the presence of 
various dilutions of interferon. The phenol red indicator 
in the medium changes from red to yellow (more acid) with 
progressive cell growth. Liquid paraffin was added to 
prevent pH change on exposure to the atmosphere and the pH 
change in the medium measured color imetrically on a Dvnatech 
plate reader. Interferon inhibition of cell growth is 
reflected by a cor respondinq reduction in the colour change 
REP-2 and RD in log growth were cultured for 3 days in 96 
well plates in the presence of interferon. The cells were 
then fixed with 0.25% glutaraldehyde and stained with 
methylene blue* After extraction into ethanol the colour 
intensity was measured on a Dvnatech plate reader. Once 
again colour intensity can be related proportionally to cell 
growth. In vitro antiproliferative activity of the novel, 
modified IFNs in crude bacterial extracts was also measured 
(Daudi cell line only) • 
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StliBulatlon-Of Antibody-Dependent rellular_Cytotoxiclty_by 
novel, aodlf led_lntetferon8 (ADCO 

ADCC represents a cellular system which is 
iBonunologically specific- the effect being mediated by 
Antibody. There are several possible versions of this 
assay. ^^Cr-labelled human red cells (GpA- Rh +ve) 
sensitised with anti-A antibody using the serum from a Group 
O individual were incubated with buffy coat cells from a 
Group 0 individual. Interferon was assessed by prior 
overnight incubation with buffy coat cells and its effects 
compared with those of parallel untreated controls (McCullagh 
et al. J. IPN Res-, 3, 97 r 1983). 



Comparison_of IFN protein expression, antiviral activity and 
antiproliferative activity in bacterial extracts 
Table 1 sets out the expression levels and 
antiproliferative and antiviral activities of the group II 
novel, modified IFNs in crude bacterial extracts. A range 
of activities may be given reflecting natural variation in a 
biological system or assay. The activity quoted is that 
which is regained after SDS/urea/mercaptoethanol treatment - 
by diluting the extract in 1% human serum albumin, as above. 

, It may be seen in Table 1 that for the control, IFm-^p 
antiviral (AV) and antiproliferative (AP) activity vary over 
not more than a 4-fold range O20 experiments). Examples of 
reduced AV activity in relation to AP activity and expression 
are IFNX407 and IFKX419 when compared with IFN-^- IFMX^07 
has "2 to 9-fold lower AV activity and a <'2-fold lower AP 
activity than IFN-p. An even greater differential is 
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displayed by IFNX419. which has 7.7 to 57-fold Tower' aV 
activity than IFN-p# and a virtually unchanged AP activity. 



Table 1 



Novel, Bodified 
interferon 



IPNX Expression 
Mo. (% of total 
cell 



EMC/Vero cell 
Antiviral 
activity 
ID/Litre/ODggg 



Daudi cell - 
Anti- 

prolif erativ 

activity 
D/xnl^dilutic 



P 



9-56 



7-54 



1 



407 



17 



p42-56 _,t^^40-54j,« 

2-7 ,^^l-5J 
C9-56 ^t>^7-54j 
^28-46 _^i>i 28-46j 

Cys^7 ^KerUMet^^ - 



17 



44-56 -c<^42-54j jggj*.^ 40g 

"~1 409 
I 410 



9-42 .t>6 7-40 



1 



p21-42_^b^l9-40j 



> 

> 415 

\ 

419 

\ 420 



IFN-p control 



5-10 
3 

3 

10-20 



10-15 



7 

<1.5 



10 



2.3x10' 
0.46-2.0x10 
0.4-1.0x10^ 
3.3-7.2x10^ 



1.9x10 



3.5-6.5x10 
6.8-7.7x10 



0^5-2.0x10 



8 



1.9x10-' 
1-1-1.6x10- 
<10^ 

2x10^ 



1.5x10 



2.6x10 
<10^ 



3.4x10 



n.d. B not done 

* 0/ml « Dilution of sample assayed for antiviral 
activity giving 50% inhibition of cell qrowth 
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In conclusion, the novel, aodified IPNs present in 
bacterial extracts display narked differences in relative AP 
and AV activity when conpared with each other and with ZPN-B. 
To determine nore precisely the differences in biological 
activity between the novel IPNs and IPN-^, certain of the 
above examples were subjected to protein purification. The 
following assays were also designed to determine whether any 
of the novel IPNs displayed altered cell specificity. 
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The in vitro antiviral, antiproliferative and 
iminunoBtiinulatlnq (ADCC) actlvltieB of purified novel » 

aodified IFNs 

a) Antiviral 

Table 2 compares the in vitro antiviral activity of 
purified IFNX415 with IFN-p and IFNX805, aqainst 
EMC virus in three different cell lines. IFNX415 
displavs an increase in antiviral activity only in 
the CHANG cell line (6 to 7-fold) . Thus the 
antiviral specif icitv of this novels modified IFN 
nay be different from that of IFN-^ and IFNX805. 
Table 3 oives the result of a separate experiment 
in which purified IFNX407 and IPNX408 are compared 
with IFN-^. IFNX407 has substantially lower 
specific antiviral activity than IFN-f on all three 
cell lines, while IFNXA0B is similar to IFN-p. 



JJ 
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Antiviral Activity of Purifi«d Novel r Modified Zttterferons 

rimits/Bg zm Protein) 



xnB Bo. 



17/1 



CELL LINE 
Chang 



▼ero 



V415 

BETA 
XB05 



1.8 X 10 
1.3 z 10 
7.« X 10 



3.1 X 10 
5.1 X 10 



4.4 X 10 



3.3 X 10 
7.f X 10 
4.2 X 10 



RATIOS 



«415/BETA 
X415/X805 
Xe05/BETA 



1.4 
2.4 
0.6 



6.1 
7.0 

0.9 



0.4 
0.8 
0.6 



# t • t < r 

• ^ * • t • 
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Antiviral activity of purified novel, modified interferons 



Onits/aq TPH protein 



CELL LIRE 



XPRX No- 


17/1 


CHAHG 


VERO 


X407 


<5.1xl0^ 


9.5x10^ 


1.9x10^ 


X408 


4.2x10^ 


4.6x10^ 


1.2x10^ 


BETA 


1.9x10^ 


7.2x10^ 


9.1x10^ 




• 

RATIOS 






X407/BETA 


<0.e2 


0.01 


0.02 


»408/RETA 


2.2 


0.6 


1.3 



Table 3 



b) Antiproliferative 

Table 4 compares the in vitro antiproliferative 
activity of purified IFMxaiS with IPN-p and 
IFNX805, on three different transformed cell lines 
TFNXft05 and IFN-p display similar activities in all 
three cell lines, while IF^x^is has a significantly 
increased activity in the Daudi cell. Thus the in 
vitro antiproliferative specificity of IFNXA15 may 
be different from that of IFN-^ and IFNXB05. 
Table 5 gives the result of a separate experiment 
in which purified IFNX407 and IFNX408 are compared 
with IFN-^. IFNX407 has substantially lower 
antiproliferative activity than IFN-§ against HEP-2 
and RD cell lines but similar activity to IFN-B 
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against the Daudi cell line IPNXA08 is similar 
to ZPN-p. 



Table 4 



Antiproliferatiye Activity of Purified Hovel 

Znteiferons 



Modified 



(Onits/ag ZPM Protein) 



ZFBX No 



V415 
BETA 
X805 



IIBP-2 



2.2 X 10 
8.9 X 10 
5.4 X 10 



CELL LINE 
KD 



2.2 X 10 
6.5 X 10 

4.3 X 10 



DAUDI 



1.9 X 10 
1.4 X 10 
1.2 X 10 



RATIOS 



X415/BETA 
Y415/X805 
X805/BETA 



2.5 

4.1 

0.6 



3.4 
5.1 
0.7 



13.6 
15.8 
0.9 
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Tablets 



Antiproliferative activity of purified novel r Modified 

interferons 



Onits/aq IPM protein 



CELL LIKE 

IPFX Ro. HEP-2 RD DADDI 



X407 


<3.6xl0^ 


<2.0xl0^ 


1.0x10^ 


X408 


8.9x10^ 


1.0x10* 


3.1x10^ 


«ETA 


1.3x10* 


1.9x10* 


2.5x10^ 




RATIOS 






X407/BETA 


<0.002 


<0 01 


0.4 


X408/RETA 


0.7 


0.5 


1.2 


C) 


Innunostinulatinq (at)CC) 







Table 6 compares the in vitro activity of purified 
IF>^415 with IFN-g and IFNXB05, as an effector of 
Antibody-Dependent Cellular Cvtoxicity (ADCC) 



against huxoan red cells. Overall. IFNX415/ 
IFKX805 and IFN-^ did not differ significantly in 
their ability to stimulate ADCC activity of buffy 
coat preparations from 5 group 0 donors. This is 
in contrast with the increased AV activity in CHANG 
cells and the increased AP activity in Daudi cells 
of IFNX415 (Tables 2 and 3) . Table 7 qives the 
result of a separate experiment in which IFKX407 
and IFNX408 are compared The ADCC activity of 
IFNX407 was too low for accurate assessment . 
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xrKX40e had ilightly r«ductd spvcific Activity 
eonpfttad with ZPN-p. 



ZBBunoBodulatory (WC) Activity of Purifiad Mot«1, Nodifiad 

jBttrftreni 



(Onlts/ag ZFIi Prottin) 



znoc 

No. 



X415 
BETA 

xees 



1.3 X le 

1.0 X 10^ 



MROR 
3 



5 2.3 X 10^ 7.1 X 10^ 6.3 X 10' 1.2 x 10^ 



1.9 X 10 



1.1 X 10 



1.1 X 10 



1.7 X 10 



4.5 X 10^ 3.2 X 10^ 1.5 X 10^ 1.8 x 10^ 5.8 x 10 



VATIOS 



X415/BETA 
X415/X805 
XR05/AETA 



1.3 
2.9 
i.5 



1.2 
7.2 
0.2 



6.5 
4.7 
1.4 



0.6 
3.5 
0.2 



0.7 
2.1 
0.3 



t 4 
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Table,? 

Tamunoaodulatory (ADCC) activity of purified novel r Modified 

interferons 

DnitB/»q_IFW Protein 

DONOR 

XPBZ No. 12 3 4 5 6 



'»407 


Ti02 


<10^ 


<10^ <10^ 


<102 


<10^ 


Y408 


1.8x10^ 


6 2x10^ 


2.6x10^ 1.3x10^ 


1-6x10^ 


9.1x10^ 


BETA 


1.5x10^ 


2.4x10* 


9.3x10^ 3.0x10^ 


4.0x10^ 


2.6x10^ 








ItATIOS 






X407/BETA 


<0.06 


<0.004 


<0.1 <0.03 


<0.02 


<0.04 


X408/BETA 


0.1 


0.3 


0.3 0.4 


0.4 


0.4 


'>urif ication_and 


Bioloaical 


PropertieE of ZFNX402 and 


IPNX404 



1 > Methods 

The expresBed IFN proteins were extracted from E>coli vith 
the aid of sodium dodecyl sulphate (n>S) and purified by 
chromatography on AcA44. IFNX401 had estimated purities 
of 70-90% based on polyacrylamide qel electrophoretic 
(PAGE) analysis. 

The novel interferons were tested to determine its 
specific antiviral f antiproliferative and immunomodulatory 
activities. The following assay systems were employed: 
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1) Antiviral •■»ay 

Cytopathic (CPE) aaaay with ancaphalonyocarditis 
(BMC) virus. This ia a standard aaaay which 
naasuras the ability of interferon to protect 
cell nonolayera against the cytopathic effect of 
EMC virus. The cell lines used weret Vero 
'African Rreen Monkey epithelial), WISH (amnion 
epithelial) • MRC-5 (foetal lung fibroblast) and 
17-1 (foetal lunq fibroblast). Cell nonolayera 
were establiahed in 96 veil flat-bottomed 
microtitre platea in DMEM medium containing 2% 

■ 

donor calf serum plus glutamine and antibiotics- 
eerial I in 2 dilutions of interferon were 
incubated with the cells at 37^ for 18-24 hours, 
the aupernatant diacarded and an appropriate 
challenge dose of EMC virus in medium added 
After incubation at 37° for a further 24 hours, 
the aupernatants were discarded the monolayera 
fixed with formol/aaline and stained with 
cryatal violet t The plates were read visually 
to establiah the dilution of interferon giving 
50% inhibition of the cytopathic effect, 
(b) Plaque reduction assay - using Herpes simplex 
type 2 ("SV-2) virus with Vero (monkey) Chang 
(human) and MDBK (bovine cells). Confluent 
monolayers of cells were establiahed in 96 well 
flat-bottomed microtitre plates. After 
incubation at 37° for 18 hours with dilutions of 
interferona. the cells were challenged with an 
appropriate number of plaque forming units of 
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virusr overlaid with medium containing 0»K% 
carboxymethyl cellulose and incubated at 37^ for 
94 hours % After fixation and staining the 
plaques vere counted microscopically and the 
counts expressed as a percentage of the mean 
maximum plaque counts in untreated control 
veils* Interferon titres are the reciprocal 
dilutions giving 50% reduction in plaque 
number/well. 

■ 

ii) Antiproliferative assay 

Daudi cells in Dulbecco's Modified Eagles Medium 
(DMEM) vere seeded at 2xl0Vml (200pl) in 96 veil 
tissue culture plates. Interferons vere added at 
the time of seeding and cells incubated at 37^ in a 

humidified 5% atmosphere* After 22 hours 
tritiated thymidine vas added and the cells 
incubated for a further 2 hours after vhich they 
vere harvested on a Flov cell harvester vashed and 
treated vith 5% trichloroacetic acid* Acid 
insoluble radioactivity vas counted and inhibition 
of thymidine incorporation vas taken as a measure 
of the antiproliferative activity of interferon* 



iii) Immunomodulatory assay (Natural Killer (N^) Tell 
Activity) 

Buffy coat cells separated from human peripheral 
blood bv Picoll/Hypaque sedimentation vere 
suspended in supplemented RPMI 1640 medium and 
incubated overnight at 37^ with interferon 
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dilutions After washing to remove interferon- 
these effector cells were incubated at 37^ for a 
further 4 hours with ^^rr-labelled KS62 cells at 
effector to target cell ratios of 20tl or Iftl. 
'K^62 is a human tumour-derived cell line). After 
centrifugation an aliquot of the supernatant was 
removed for measurement of released radioactivity. 

Maximum ^^Cr release was obtained by repeated 
f reese-thaving of a tarqet cell suspension and a 
background control obtained by measurement of ^^Cr 
release from tarqet cells incubated without 

effector cells. Results were expressed as 

51 

percentage specific C§^elease: 

Test sample,^* background ^ 
Maximum release - background 



Results 



i) Antiviral^activities 



^a) CPE^assay ^ ^HC virus 

Table 8 lists the assay means for hybrid X401 
and the recombinant-*de rived ZFN-p measured 
against EMC virus in Vero and the four human 
cell lines. The activities are expressed in 
units/mg protein 



^rom the individual interferon means In 
different cell types contained in Table 8 and 
from the summary pooled data across all cell 
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types it is seen that IFNX402 and IFNX404 have 
conslBtently lower activities than IPN-^^ the 
reduction being most severe with IPNX402. 
The pooled mean antiviral activity shown in 
the analysis of variance for IFNX4e2 is less 
than 1% that of IFN-p. The activity of 
IFKX404 is 5-15% of IFN-^. 



Table 8 



Antiviral activities_of recombinant_interf erons against 
encephalomyocarditis viruB_fIFN units/mq protein) 



Mean activities in each cell line 



PREPARATION 



Vero 



Chang 



CELL LIHE 
WISE 



MRC-5 



17-1 



IFN-^ 

'rFNX402 

IFNX404 



1.5x10^ 5.2x10^ 8.4x10^ 1.5x10^ 7.1x10* 



X 2.5x10 
X 2.6x10 



4.1x10 



1.8x10 



4.8x10 
4.8x10 



4.9x10 
5.8x10 



3.3x10 
2.3x10 



(x calculated based upon 3-5 assays) 



PREPARATION 



FOOLED HEAH 



95% CONFIDENCE 
UNITS (u/ag) 



IPN-^ 

IPNX402 

TPNX404 



2.4xl0^u/iDg 
1.1x10 u/mg 
8.9x10 u/mg 



1.5-3.9x10'' 
0.6-2.1x10^ 
5.4-14.8x10 



For comparative purposes , the observed 
activities (in units/ml) of preparations of 
fibroblast IFN-^ and leucocyte IFN-b^ are shown 




in Table 9. 



4J 
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Th«M natural inttrfarona wart 



not availabla in purifiad form and ware uaad 
in tha aaaaya in dilute aolutiona containing 
large anounta of non-intarferen pretain. 
Thua, reaulta with natural ZPN-p and ZPN-k 
cannot be quoted in unita/ng and the reaults 
in Table 9 are not directly comparable with 
thoae of Table 6. Nevertheleaa, it can be 
aeen that the activity of both natural 
Intarferona ia auatained acroaa the five cell 
linea within an interferon claaa with the 
exception that KI6R eel la appear alightly more 
senaitive to both IFN-p and ZPN-*^. 



Table 9 



»elative_antiviri 



■ of natural Interferon 



preoaratiopa acain at encephalomvecftrditl 

human C( 




Xnterferon_unita/ml 



•REPARATION 



Varo 



Chang 



CELL LXBE 
WISH 



IIBC-5 



17-1 



vibroblaat- 
derived ^ x 

Leucocyte- 
derived 
2PN- tc X 



3.6x10^ S.<(xl0^ 1.3x10^ 7.8x10^ 6.8x10 



2.5x10^ 1.5x10^ 1.3x10^ 



80 
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(b) Plaque reduction assays HSV-2 

Similar estimates of antiviral activities obtained 
with H5V*2 by means of plaque reduction assays are 
qiven in Table 10. In this case the experiments 
were confined to the human Chang cells, primate 
vero cells on bovine MDBK cells- IFNX402 and 
IFNX404 show reduced antiherpes activity in human 
and monkey cells. With the bovine cell line- 
IFNX404 shows reduced activity as it does in Chang 
and Vero, but surprisingly, the activity of IFNX402 
in this cell line is unchanged from that of the 
IFN-p parent. An analysis of variance confirmed 
that the observed reduction in activity for IFNX402 
and X404 in Vero and Chang cells is highly 
significant as is the difference between the 
activity of IFNX402 in Chang and MDBK cells. 

The pattern of natural IFN-^ and IFN*ftC against 
n5V-2 in these 3 cell lines is shown in Table 11. 
again expressed as units/ml rather than as specific 
activity as a result of impure IFNs. In contrast 
to some reported results from other laboratories- 
IFN-^ reacts reasonably well with our MDRK cell 
line# producinq antiviral activity at about the 
same dilution as Vero or Chang cells- On the 
other hand* the IFN-bC standard reacted 
substantially better with HDBK cells than with 
either Vero or Chang cells* Tn view of this 
control data, the reduced activity of IFNX402 in 
Chang and vero cells and retained activity in MDBK 

/<rr 
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cells represents a pattern of response in these 
cell lines which is similar to that obtained with 
natural IPM-t^. 



Table 10 



ntiviral activities_of recombinant interferons aqainst_HSV-2 

ned_py plaque reduction assay 



Interferon units/mq_protein 



PREPARATION 



Vero 



CELL LINE 

Chang 



MDBK 



IFH-^ 
TpMy/02 



IFNXA04 



1.2x10^ 

1.1x10^ 
7.0x10^ 



4.7x10 
1.3x10 
9.9x10 



2.5x10 
3.4x10 



4.4x10 



Table 11 



Relative antiviral activity of natural interferons, against 
HSV-2 in-monkev» human and_bovine cells_determined bv plague 
~ reduction 



Interferon units/ml 



PREPARATION 



Vero 



CELL LINE 
Chang 



MDBK 



•Ibroblast-derived . 
IFN-a X 2.6x10^ 



9.3x10 



1.9x10 



Leu CO cy t e-de r i ved 
IFN-^ x 



59 



90 



6.8x10^ 
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Summarizing the results of antiviral activity 
with RMA and DNA viruses in relevant cell 
types. Table 12 lists the activities of the 
recombinant and natural interferons against 
EMC and BSV-2 in Chang and vero cells (data 
from Tables 8-11) . There is no indication 
from these results of preferential activity of 
irNX402 against one or other of the 2 virus 
types. The results from the 2 sets of assays 
are remarkably similar and are not 
significantly different. Thus the pooled 
mean antiviral activity against EMC virus 
shown in the analysis of variance to Table R 
is equally valid as an estimate of antiherpes 
activity and can be used as an overall 
indicator of specific antiviral activity of 
IFNX402. 



Table 12 

Relative antiviral_activitv aoainst^encephalomvocarditis 
virus and HSV-2 for recombinant and natural interferons 

assayed in human and^monkey cells 

Recombinant interferons f unit/mg_protein) 



IFB Pooled Bean activity Pooled aean activity 

Preparation BMC virus BSV-2 

If tarn Table 1 analysis) Vero and Chang cells 



IPN-p 2.4x10^ 3.5x10^ 

IFNX402 1.1x10^ 1.2x10^ 

IFNX404 8.9x10^ / ^0 8.5x10^ 
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tc) Coinparatlve antiviral,data>,vith an atypical 
Chang celL,llne 

One line of Chang conjunctival cells 
maintained in hiqh paBsage (approx- X 160) has 
undergone a mutational change such that it is 
approximately 3 times more sensitive to IFN-^^ 



than the normal low passage Chang cells vhich 
we have used in routine assays. At the same 
time the atypical high passage Chang cells 
recognise and respond to IFM-Kvith a 10B-fold 
increase in sensitivity compared to the 
parental low passage Chang cells. 
Comparative ratios of antiviral activity in 
high and low passage Chang cells can therefore 
be used to indicate a degree of 6^-like 
property in a particular recombinant. 

The results of profiling the recombinant IFNX 
molecules in this way is shown in Table 13. 
IPNX402 is prominent in demonstrating b<-like 
activity. 



ii) Antiproliferative^activity 

The various recombinant interferons were assayed- 
for growth inhibitory activity against Daudi 
lymphoblastoid cells, in at least 4 replicate 
assays with each interferon. The mean results of 
these assays are given in Table 14, activities 
being expressed as the protein concentration 
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cequiied to produce a 50% inhibition of Biaxiniuin 
thymidine incorporation in untreated control cells 
'Inhibitory Dose.g) . The poorly antiviral ZPHX402 
can be seen to have an identical growth regulating 
activity to the IFM-p parent. In eontrait XPNX404 
has lost growth regulating activity. 



Table 13 



Antiviral -activities of recombinant and .natural 
interferons in atypical 



rbang* 
(High passage) 



Chang (Routine 
low passage) 



Ratio 
ChA/Ch 



Dnlts/mq 



IPNXA02 
ZPNX404 



1.6x10^ 
1.3x10^ 
5.3x10^ 



5.2x10 
A. 1x10 



2.8x10 



3 

3170 
3 



Onlts/ml 



Fibroblast 
IFN-p 

Leucocyte 
IPN-bd 



1.7x10^ 
3.4x10^ 



5.6x10 



1.5x10 



226 
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Antiproliferative a ctivity of recombinant Interferone 
aasaved in-Daudi human lyrophoblastoid cella 

Inhibitorv Dose^. (|ig/ad) 



PRBPABATXON Ho. of replicate Corrected 

•saaya (n) Mean 10,^ 



95% Confidence 
Limita 



IFNX402 
IPNX4e4 



4 
6 
4 



3.8 
3.2 

44.7 



1.5-9.8 
1.4-6.9 
17.4-114.8 



iii) Tnnunonodulatorv activity - NK aaaav 

■Che recombinant interferona were alao repeatedly 
assayed for ability to enhance natural killer (nk) 
cell activity* a total of 9-11 assays contributing 
to the results which are shown in Table 15. In a 
similar fashion to the antiproliferative activity, 
the specific NK stimulating activity is expressed 
as the protein dose concentration producing a 50% 
effect (Stimulating Dose . 

IPNX402 has substantially lost NR stimulating 
activity* being about 35-fold less active than IFN-^ 
parent. IFnxa04 has alao less activity but only 
by a factor of 4. These differences are 
sianificant as shown in the analysis of variance. 




Table 15 



# 
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Tirnnunostimulant activities of recombinant interferons 

assayed vith-human NK cells 



PREPARATION 



No. of replicate 
BBsays (n) 



Corrected 
Mean SD,. 



95% Confidence 
Limits 



IFNX402 

IFNX404 



11 
9 
10 



3.4 

117.0 
15.1 



2.1-5.4 

339 
9.3-24.5 



3. Conclusions 

Mean Bp>ecific activities for the antiviral » 
antiproliferative and immuncaodulatory properties of each 
interferon are sununarized in Table 16. (It should be 
noted that activity varies directly with the figures 
taken from antiviral assays but inversely with the 
figures quoted from ID50 and SDca assays) • For 
convenience these results have been indexed relative to 
the IFN-^ parent in the lower half of Table 16. 
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Comparative Bunanarv ef bloleoieal data for fcoiabinant and 

neural inter ferena 



VRBPAItATXOH Specific 

antiviral 
activity (U/ag) 



Spacif ic 

antiproliferative 
activity , 

^^^M Mfl/«l""^) 



Specific 
iaBuaostinulant 
activity . 

C»50 pg/al"*) 



ZFNX402 
TPNX404 



2.4x10^ 
1.1x10^ 
6.9x10^ 



3.8 

3.2 
44.7 



3.4 
195.0 
15.1 



XPNX402 
ZPVX404 



Indexed results (XPK-^ • 100) 



100 



0.5 
3.7 



100 

100 (118) 



100 
3 
23 



Pigures in brackets indicate actual calculated index where it is 
not significantly different from 100. In all other cases i 
differences from 100 are significant* 



ZPNX402 has identical antiproliferative activity to 
IFN-^ but has dramatically reduced 
antiviral and iimnunostiinulant activities . 

IPKX404 has reduced efficacy in all 3 classes of 

■ 

biological assay. 



The most surprising result to cone out of these 
analyses is the aeparation of activities achieved 
vith ZPNX402. This finding was unexpected but it 
is of great interest since the presence of full 
antiproliferative activity in a aolecule which has 
major reductions in its other properties might be 
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effective as an anti-tunour agent but have reduced 
toxicity and lack unwanted side effects- 



'''he major conclusions summarized above are based on 

results in human cell systems. PtDBK (bovine) and 
ft 

Chang (atypical human) shoved increased 
sensitivity to IFNX402 such that the decrease in 
antiviral properties of this hybrid seen in normal 
human cells are not seen with these heterologous or 
atypical systems* As a result/ the ratio in 
antiviral activity between MDBR and human or monkey 
cells (Table 10) or between Chang^ and the normal 
Chang cells (Table 13) is dramatically large with 
the IFNX402 preparation and clearly different from 
that of IFH-^ or any other hybrids. An elevation 
in the HDBK/Chang or Chang's/Chang ratio is 
characteristic of natural leucocyte IFN*^ (Tables 
11 and 13) . In this respect the IFNX402 hybrid 
has an *alpha*like* profile- 



Pharmaceutical f ormulation^and administration 

The novel, modified interferons of the present invention 
can be formulated by methods well known for pharmaceutical 
compositions * wherein the active interferon is combined in 
admixture with a pharmaceutically acceptable carrier 
substance* the nature of which depends on the particular mode 
of administration being used* Remington's Pharmaceutical 
Sciences by E V. Hartin, hereby incorporated by reference, 
describes compositions and formulations suitable for delivery 




0131816 

of the Interferons of the present invention- For instance, 
parenteral formulations are usually injectable fluids that 
use physiologically acceptable fluids such as saline* 
balanced salt solutions* or the like as a vehicle- Oral 
fornulationB nay be solid- eig. tablet or capsule^ or liquid 
solutions or suspensions. 



The novel* nodified interferons of the invention nay be 
administered to humans or other aninals on whose cells they 
are effective in various ways such as orally, intravenously, 
intramuscularly* intraperitoneally, intranasally. 
intradermally or subcutaneously Administration of the 

interferon composition is indicated for patients with 
malignancies or neoplasms- whether or not immumosuppressed 

or in patients requiring immunomodulation. or antiviral 
treatment- Dosage and dose rates nay parallel those 
employed in conventional therapy with naturally occurring 

C D 

interferons - approximately 10^ to 10 units daily. Dosages 
significantly above or below these levels may be indicated in 
long term administration or during acute short term 
treatment A novel, nodified interferon may be combined 
with other treatments or used in association with other 
Chemother apeutic or chemopreventive agents for providing 
therapy against the above mentioned diseases and conditions > 
or other conditions against which it is effective* 

Modifications of the above described modes for carrying 
out the invention such as without limitation, use of 
alternative vectors, alternative expression control systems - 
and alternative host micro-organisms and other therapeutic or 
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related uses of the novel interferons- that are obvious to 
those of ordinary skill in the biotechnology, pharmaceutical- 
medical and/or related fields are intended to be within the 

! 

■ i 

scope of the following claims. 

I 



i 
I 



1 

\ 
I 



i 



• 



Claims: 

1. A modified beta interferon comprising the amino acid 
sequence of beta interferon wherein three to fifty-six 
of the beta interferon amino acids 1 to 56 are replaced 
by three to fifty-six other amino acids. 

I 

2* A modified beta interferon of claim 1 wherein the beta 
interferon amino acids replaced are 2 to 7 and 9 to 56 

3* A modified beta interferon of claim 1 wherein the beta 

interferon amino acids replaced are 9 to 56. | 

t 

t 
I 

i 

4* A modified beta interferon of claim 3 wherein four to 

forty-seven sequential amino acids of the beta I 
interferon amino acids 9 to 56 are replaced by four to { 
forty-seven sequential amino acids selected from an 
alpha interferon's amino acids 7 to 54* 

5, A modified beta interferon of claim 3 wherein four to 
fifteen sequential amino acids of the beta interferon 
amino acids 42 to 56 are replaced by four to fifteen 
seauential amino acids selected from an alpha 
interferon's amino acids 40 to 54. 
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6. A modified beta interferon of claim 3 wherein four to 
thirty-three sequential amino acids of the beta 
interferon amino acids Q to 42 are replaced by four to 
thirty-three sequential amino acids selected from an 
alpha interferon's amino acids 7 to 40. 



7. A modified beta interferon of claim 3 wherein four to 
nineteen sequential amino acids of one beta interferon 
amino acids 28 to 46 are replaced by four to nineteen 
seouential amino acids selected from an alpha 
interferon's amino acids 28 to 46* 



fl. A modified beta interferon of claim 2 wherein the beta 
interferon amino acids 2 to 7 and 9 to 56 are replaced 
sequentially by the alpha 2 interferon amino acids 1 to 
5 and 7 to 54. 



9. A modified beta interferon of claim 4 wherein the beta 
interferon amino acids 9 to 56 are replaced bv alpha 
interferon's amino acids 7 to 54. 



10. A modified beta interferon of claim 5 wherein the beta 
interferon amino acids 42 to 56 are replaced by alpha i 
interferon's amino acids 40 to 54. 



11* A modified beta interferon of claim 6 wherein the beta 
interferon amino acids 9 to 42 are replaced by alpha 
interferon's amino acids 7 to 40- 



• 
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12. 



13. 



14. 



15. 



17. 



IB. 



A modified beta interferon of claim 6 wherein the beta 
interferon amino acids 21 to 40 are replaced by alpha 1 
interferon's amino acids 19 to 40. 

A modified beta interferon of claim 7 wherein the beta 
interferon amino acids 28 to 46 are replaced by alpha 1 
interferon's amino acids 28 to 46. 

A modified beta interferon of claim 1 wherein the beta 
interferon amino acids 10 to 56 are replaced bv alpha 1 
interferon's amino acids 1 to 53. 

A modified beta interferon of claim 3 wherein the alpha 
interferon are of human origin 

A modified beta interferon of claim 1 wherein the beta 
interferon are of human origin. 

A modified beta interferon of claim 4 wherein both the 
aloha and beta interferons are of human origin. 

A modified beta interferon of claim 1 wherein cysteine 
17 is replaced by serine 17* 

A modified beta interferon of claim 3 wherein cysteine 
17 is replaced bv serine 17 



A modified beta interferon of claim 3 wherein leucine 15 
is replaced bv cvsteine 15. 

/7/ 
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21* A modified beta interferon of claim 3 wherein the 
methionine 31 is replaced by lysine 31. 



22. A modified beta interferon of claim 14 comprising the 
amino acid of sequence of IFNX406- 



'>3 A modified beta interferon of claim 8 comprising the 
amino acid of sequence of IFNX410« 



24* A modified beta interferon of claim 9 comprising the 
amino acid of sequence of IFNX407. 



25- A modified interferon of claim 9 wherein leucine 15 is 
replaced bv cysteine 15 comprising the amino acid 
seauence of IPNX402. 



26. A modified interferon of claim 9 wherein the alpha ^ 

interferon amino acid sequence is replaced by an alpha 2 
interferon amino acid sequence with leucine 15 replaced 
by cysteine 15 comprisinq the amino acid sequence of 
IFNX403. 



'>! A modified beta interferon of claim 10 comprising the 
amino acid sequence of IFNX404. 



28 • A modified beta interferon of claim 10 wherein the 
cysteine 17 is replaced by serine 17 comprising the 
amino acid sequence of IFNX408. 
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A Bodif led beta interferon of claim 11 comprising the 
amino acid sequence of IPNX419. 

A modified beta interferon of claim 12 wherein cysteine 
17 is replaced by serine 17 comprising the amino acid 
sequence of IFNX420. 

A modified beta interferon of claim 13 wherein cysteine 
17 is replaced bv serine 17 and methionine 31 is 
replaced bv lysine 31 comprising the amino acid sequence 
of IFNX415. 

A modified beta interferon according to claim 1 wherein 
one or more of the antiviral, cell growth regulatory, or 
immunomodulatory activities is substantially changed 
from that of unmodified beta interferon. 

A nucleic acid sequence that codes for the synthesis of 
the polypeptide of claim 1. 

A nucleic acid sequence of claim 33 wherein the nucleic 
acid sequence is DNA. 

The DNA sequence of claim 34. wherein the DNA codes for 
the synthesis of the polypeptide IPNX402. 

The DNA sequence of claim 34. wherein the DNA codes for 
the synthesis of the polypeptide IPNX4e3. 
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37. 



^8. 



39. 



40. 



42. 



^3. 



44. 



45. 



The DNA sequence of claim 34- wherein the DNA codes for 
the synthesis of the polypeptide ZPMX404. 

The DNA sequence of claim 34, wherein the DNA codes for 
the synthesis of the polypeptide IFNX406. 

The DNA sequence of claim 34, wherein the DNA codes for 
the synthesis of the polypeptide IFNX407. 

The DNA sequence of claim 34. wherein the DNA codes for 
the synthesis of the polypeptide IPNX408. 

The DNA sequence of claim 34* wherein the DNA codes for 
the synthesis of the polypeptide IFNXA09. 

The DNA sequence of claim 34- wherein the DNA codes for 
the synthesis of the polypeptide IFNX410. 

The DNA sequence of claim 34, wherein the DNA codes for 
the synthesis of the polypeptide IFNX415. 

The DNA sequence of claim 32, wherein the DNA codes for 
the synthesis of the polypeptide IFNXA19. 

The DNA sequence of claim 32, wherein the DNA codes for 
the synthesis of the polypeptide IFNX420. 

The recombinant plasmid comprising a replicating cloninq 
vehicle in combination with the DNA sequence of claim 



33. 
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48. 



49. 



SB. 



51. 



52. 



A recombinant plasmid of claim 46. wherein the DNA 
sequence codes for the synthesis of IP»'XA02, 403 # 404, 
406* 407* 408. 409r 410, 415. 419, or 420. 

A cell transformed by the recombinant plasmid of claim 
47. 

A process for producing a modified beta interferon 
comprising the growth of a cell of claim 48 and the 
isolation of the resulting polypeptides, 

A pharmaceutical composition comprising an effective 
amount of the modified beta interferon of claim 1 
admixed with a pharmaceutically acceptable carrier. 

A pharmaceutical composition comprising an effective 
amount of the modified beta interferon of claim 3 
admixed with a pharmaceutically acceptable carrier. 

A pharmaceutical composition comprising an effective 
amount of IPNX402 admixed with a pharmaceutically 
acceptable carrier. 

A pharmaceutical composition comprisinq an effective 
amount of IFNX403 admixed with a pharmaceutically 
acceptable carrier. 
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A pharmaceutical composition comprising an effective 
amount of ZPNX404 admixed with a pharmaceutically 
acceptable carrier. 



^5. A pharmaceutical composition comprising an effective 
amount of IFNX406 admixed with a pharmaceutically 
acceptable carrier. 



56. A pharmaceutical composition comprising an effective 
amount of IFNX407 admixed with a pharmaceutically 
acceptable carrier. 



57. A pharmaceutical composition comprising an effective 
amount of ZFNX408 admixed with a pharmaceutically 
acceptable carrier. 



58. A pharmaceutical composition comprising an effective 
amount of IFNX409 admixed with a pharmaceutically 
acceptable carrier- 



59. A pharmaceutical composition comprising an effective 

amount of IFNX410 admixed with a pharmaceutically 
acceptable carrier* 



60. A pharmaceutical composition comprising an effective 
amount of IFNX415 admixed with a pharmaceutically 
acceptable carrier. 
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61. A pharmaceutical conposition comprising an affective 
amount of IPNX419 admixed with a pharmaceutical ly 
acceptable carrier. 



^2' A pharmaceutical composition comprising an effective 
amount of IFmx420 admixed with a pharmaceutical ly 
acceptable carrier. 



63. A method of treating viral infections comprising the 
administration of an effective amount of the modified 
beta interferon of claim 1. 



64. A method of regulating cell growth comprising the 

administration of an effective amount of the modified 
beta interferon of claim 1. 



65. A method of requlating the immune system comprising the 
administration of an effective amount of the modified 

■ 

beta Interferon of claim 1* 
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Pig. 2 

2/ J J 



Cbeaically ■ynthesixed sttquence tor ZPBZ4I7 



Hinf T 

ATTCCATTCTCTCGACAACAGACGTACCCTTATGCTGCTCGCTCAGATGAGCCGGATATCCCC 
GGTAAGAGAGCTGTTGTCTGCATGGGAATACGACGAGCGAGTCTACTCGGCCTATAGGGG 

GTCTTCTTGCCTGATGGACCGCCACGACTTCGGCTTCCCTCAGGAA6AATTCGAT6GCAATCA 
CAGAAGAACGGACTACCTGGCGGTGCTGAAGCCGAAG6GAGTCCTTCTTAAGCTACCGTTAGT 

GTTTCAGAAAGCACCTGCGATTC 
CAAAGTCTTTCGTGGACGCTAAGACTG G 

£8Al 
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Cbeaically syntbesised sequence for ZPBZ410 



£IAI 

CGATAAGCTATGTGCGACTTACCACAATTCCATTCTCTCGACAACCGTCGTACTCTGATGCTG 
TATTCGATACACGCTGAATGGTGTTAAGGTAAGAGAGCTGTTGGCAGCATGAGACTACGAC 



CTCGCTCAGATGAGCCGGATATCCCCGTCTTCTTGCCTGATGGACCGCCACGACTTCGGCTTC 
GAGCGAGTCTACTCGGCCTATAGGGGCAGAAGAACGGACTACCTGGCGGTGCTGAAGCCGAAG 



CCTCAGGAAGAATTCGATGGCAATCAGTTTCAGAAAGCACCTGCGATTCTGACCATCTACGAA 
GGAGTCCTTCTTAAGCTACCGTTAGTCAAAGTCTTTCGTGGACGCTAAGACTGGTAGATGCTT 



ATGCTGCAAAACATCTTCG 
TACGACCTTTTGTAGAAGC 




A 



Fig. 4 
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Cbealcally syntbesised oligonucleotide for ZPn415 



£IAI 



CGATAAGCTATGAGCTACAACTTGCTTGGATTCCTACAAAGAAGCAGCAATTTTCAGTCTCAG 
TATTCGATACTCGATGTTGAACGAACCTAAGGATGTTTCTTCGTCGTTAAAAGTCAGAGTC 



AAGCTCCTGTGGCAATTGAATGGGAGGTCTTGCCTGAAGGACCGCCACGACTTCGGCTTCCCT 
TTCGAGGACACCGTTAACTTACCCTCCAGAACGGACTTCCTGGCGGTGCTGAAGCCGAAGGGA 



CAGGAAGAATTCGATGGCAATCTGCAGCAGTTTCAGAAA6AGGACGCCGCATTGACCATCTAT 
GTCCTTCTTAAGCTACCGTTAGACGTCGTCAAAGTCTTTCTCCTGCGGCGTAACTGGTAGATA 

GAGATGCTCCAGAACATCTTTGCTATTTTCAGACAAGATTCC 
CTCTACGAGGTCTTGTAGAAACGATAAAAGTCTGTTCTAAGGAGCT 




Fig. 5 



0181816 



Cbeaically synthesised sequence for ZrHZ4l2 



Hinf T 



ATTCCATTCTCTCGACAACAGACGTACCTGTATGCTGCTCGCTCAGATGAGCCGGATATCCC 
GGTAAGAGAGCTGTTGTCTGCATGGACATACGACGAGCGAGTCTACTCGGCCTATAGGG 



CGTCTTCTTGCCTGATGGACCGCCACGACTTCGGCTTCCCTCAGGAAGAATTCGATGGCAATC 
GCAGAAGAACGGACTACCTGGCGGTGCTGAAGCCGAAGGGAGTCCTTCTTAAGCTACCGTTAG 



HgaT 

AGTTTCAGAAAGCACCTGCGATTC 
TCAAAGTCTTTCGTGGACGCTAAGACTGG 



££fiRZ 




Fig. 6 
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Chart; 2i> 



Cbeaieally synthesised sequence foe IPHX419 



CGATAAGCTATGTCTTACAACCTGCTGGGCTTCCATTCTCTGGACAACCGTCGTACTCTGATG 
TATTCGATACAGAAT6TTGGAC6ACCCGAAGGTAAGAGACCTGTTGGCAGCATGAGACTAC 



CTGCTCGCTCAGATGAGCCGGATATCCCCGTCTTCTTGCCTGATGGACCGCCACGACTTCGGC 
GACGAGCGAGTCTACTCGGCCTATAGGGGCAGAAGAACGGACTACCTGGCGGTGCTGAAGCCG 



TTCCCTCAGGAAATCAAACAG 
AAGGGAGTCCTTTAGTTTGTC 

£XUII 



Fig. 7 
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Cbeaieally syntbeslsed sequence for ZFHZ420 



CGATAAGCTATGTCTTACAACCTGCTGGGCTTCCTGCAGCGTTCTTCTAACTTCCAATCTCAG 
TATTCGATACAGAATGTTGGACGACCCGAAGGACGTCGCAAGAAGATTGAAGGTTAGAGTC 



AAACTGGCTCAGATGAGCCGGATATCCCCGTCTTCTTGCCTGATGGACCGCCACGACTTCGGC 
TTTGACCGAGTCTACTCGGCCTATAGGGOCAGAAGAACGGACTACCTGGCGGTGCTGAAGCCG 



TTCCCTCAGGAAATCAAACAG 
AAGGGAGTCCTTTAGTTTGTC 

£auiii 




^ 1,4 « ^ 

Fig. 8 • 
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Cbeaically syntheBised sequence for ZPHX404 



Dde l Hgal 
TGAGGAAGAGTTTGACGGTAATCAGTTCCAAAAAGCCCCAGCAATCT 

CCTTCTCAAACTGCCATTAGTCAAGGTTTTTCGGGGTCGTTAGAACTGG 




# 
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ZPn407 
t-A'"5*-vT»M_w' 7-54 



ainfi 

5 J' 10 15 

MET 6ER TYR ASM LEU LEO GLY PHE BIS 8ER LEO ASP ASM ARC ARC 
ATG ACC TAC AAC TTG CTT GGA TTC CAT TCT CTC GAC AAC AGA CGT 

20 25 30 

THR LEO MET LEO LEU ALA GLN MET SER ARC ILE 6ER PRO 8ER SER 
ACC CTT ATG CTG CTC GCT CAG ATG AGC CGG ATA TCC CCG TCT TCT 

35 40 45 

CYS LEO MET ASP ARG BIS ASP PHE GLY PHE PRO GLN GLO GLO PHE 
TGC CTG ATG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC 

flOAl 1 

50 55 V C0 

ASP GLY ASM GLM PHE GLN LYS ALA PRO ALA ILE LEO THR ILE TYR 
GAT GGC AAT CAG TTT CAG AAA GCA CCT GCG ATT CTG ACC ATC TAT 

65 70 75 

GLU MET LEU GLM ASM ILE PHE ALA ILE PHE ARG GLM ASP SER SER 
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT 

60 85 . 90 

SER THR GLY TRP ASM GLO THR ILE VAL GLO ASM LEO LEO ALA ASM 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 105 

VAL TYR HIS GLM ILE ASM HIS LEO LYS THR VAL LEO GLO GLO LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLO LYS GLO ASP PHE THR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

BIS LEU LYS ARG TYR TYR GLY ARG ILE LEU HIS TYR LEO LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLO TYR SER HIS CYS ALA TRP THR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC 

155 160 165 

LED ARG ASM PHE TYR PHE ILE ASM ARG LEO THR GLY TYR LEO ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA 



ASM *** 

AAC TGA 



Fig. 10 
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MY SNL LGFB 5- LDHRRTLMLL- AQM5 RI S PS S-CLMDRHDFGF -PQE EFDGRQF - 

60 70 60 90 100 

QKAPAILTiy-EMLQNIFAIF-RQDSSSTGWN-ETIVENLIAN-VYHQINHLKT- 

110 120 130 140 150 

VLEEKLEKED-PTRGKLMSSL-HLKRyyCRIL-HYLKAKEYSH-CAWTIVRVEI- 

* 

160 

LRNFY F I NRL-TGYLRN < 
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0131816 



ZFia408 



5 10 15 

MET SER TYR ASN LEU LEU GLY PHE LEU GLN ARC SER SER ASN PHE 
ATG AGC TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT 

T 
i 

20 25 30 

GLN SER GLN LYS LEU LEU TRP GLN LEU ASN GLY ARG LEU GLU TYR 
CAG AGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC 

35 40 45 

CYS LEU LYS ASP ARG MET ASN PHE ASP ILE PRO GLU GLU GLU PHE 
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT GAG GAA GAG TTT 

50 55 60 

ASP GLY ASN GLN PHE GLN LYS ALA PRO ALA ILE LEU TBR ILE TYR 
GAC GGT AAT CAG TTC CAA AAA GCC CCA GCA ATC TTG ACC ATC TAT 

65 70 75 

GLU MET LEU GLN ASN ILE PHE ALA ILE PHE ARG GLN ASP SER SER 
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT 

80 85 90 

SER TBR GLY TRP ASN GLU TBR ILE VAL GLU ASN LEU LEU ALA ASN 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 105 

VAL TYR BIS GLN ILE ASN BIS LEU LYS THR VAL LEU GLU GLU LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLU LYS GLU ASP PBE TBR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

HIS LEU LYS ARG TYR TYR GLY ARG ILE LEU BIS TYR LEU LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLU TYR SER HIS CYS ALA TRP TBR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA CTG GAA ATC 

155 160 165 

LEU ARG ASN PBE TYR PBE ILE ASN ARG LEU TBR GLY TYR LEU ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA 



ASN *** 

AAC TGA 



• 0 

Fig. 12 
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/J/J/ 

ZPIB409 

XPH-^UPM-^*^"**->IFll-t^**~**J ICy8*^->Ser*^J 



5 10 15 

MET SER TYR ASN LEU LEU GLY PBE LEU GLN ARG SER 6ER ASN PBE 
ATG AGC TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT 

20 25 30 

GLM SER GLN LYS LEU LEU TRP GLN LEU ASN GLY ARG LEU GLU TYR 
CAG AGT GAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC 



G 6 (IFNX408) 
35 40 ^ ^ 45 



CYS LEU LYS ASP ARG MET ASN PHE ASP ILE PRO GLN GLU GLU PHE 
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT CAA GAA GAG TTT 

50 55 60 

ASP GLY ASN GLN PHE GLM LYS ALA PRO ALA ILE LEU TBR ILE TYR 

GAC GGT AAT CAG TTC CAA AAA GCC CCA GCA ATC TTG ACC ATC TAT 

65 70 75 

GLU MET LEU GLN ASN ILE PHE ALA ILE PBE ARG GLN ASP SER SER 
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT 

80 65 90 

SER TBR GLY TRP ASN GLU TBR ILE VAL GLU ASN LEU LEU ALA ASN 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 105 

VAL TYR BIS GLN ILE ASN BIS LEU LYS TBR VAL LEU GLU GLU LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLU LYS GLU ASP PBE TBR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

BIS LEU LYS ARG TYR TYR GLY ARG ILE LEU BIS TYR LEU LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLU TYR SER BIS CYS ALA TRP TBR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA 6TG GAA ATC 

155 160 165 

LEU ARG ASN PBE TYR PHE ILE ASN ARG LEU TBR GLY TYR LEU ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA 



ASN 

AAC TGA 



Fig. 13 a 
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ZP11X410 

Xra-piIFH-^^"^->IPH-tX2^"^lIIFH-^"**->IPB-»c"'""**J 




£lAl 

5 10 15 

MET CYS ASP LEU PRO GLN PHE HIS SER LEU ASP ASN ARG ARG THR 
(Kj) ATG TGC GAC TTA CCA CAA TTC CAT TCT CTC GAC AAC CGT CGT ACT 

20 25 30 

LEU MET LEU LEU ALA GLN MET SER ARG ZLE SER PRO SER SER CYS 
CTG ATG CTG CTC GCT CAG ATG AGC CGG ATA TCC CCG TCT TCT TGC 

35 40 45 

LEU MET ASP ARG BIS ASP PHE GLY PHE PRO GLN GLU GLU PHE ASP 
CTG ATG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC GAT 

50 55 60 

GLY ASN GLN PHE GLN LYS ALA PRO ALA ILE LEU THR ILE TYR GLU 
GGC AAT CAG TTT CAG AAA GCA CCT GCG ATT CTG ACC ATC TAC GAA 

Mxiil 

65 IT 70 75 

MET LEU GLN ASN ILE PHE ALA ILE PHE ARG GLN ASP SER SER SER 
ATG CTG CAA AAC ATC TTC GCG ATC TTC CGT CAA GAC TCT TCC TCT 

* 

80 85 90 

THR GLY TRP ASN GLU THR ILE VAL GLU ASN LEU LEU ALA ASN VAL 
ACT GGT TGG AAC GAA ACT ATC GTA GAA AAC CTG CTG GCA AAC GTA 

95 100 105 

TYR BIS GLN ILE ASN BIS LEU LYS THR VAL LEU GLU GLU LYS LEU 
TAC CAT CAG ATC AAC CAT CTG AAA ACC GTG CTG GAA GAG AAA CTG 

110 115 120 

GLU LYS GLU ASP PHE THR ARG GLY LYS LEU MET SER SER LEU BIS 
GAA AAA GAA GAC TTC ACC CGC GGT AAA CTG ATG AGC TCC CTG CAT 

125 130 135 

LEU LYS ARG TYR TYR GLY ARG ILE LEU HIS TYR LEU LYS ALA LYS 
CTG AAA CGC TAC TAT GGT CGT ATC CTG CAT TAC CTG AAA GCT AAA 

140 145 150 

GLU TYR SER HIS CYS ALA TRP THR ILE VAL ARG VAL GLU ILE LEU 
GAA TAC TCT CAC TGC GCA TGG ACT ATT GTA CGC GTT GAA ATC CTG 

155 160 165 

ARG ASN PHE TYR PHE ILE ASN ARG LEU THR GLY TYR LEU ARG ASN 
CGT AAC TTC TAC TTC ATC AAC CGC CTG ACT GGT TAC CTG CGT AAC 



TAA 




• • # * 
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Chart 3e y/^/ 



ZPia415 



5 10 15 

MET SER TYR ASN LEU LEU GLY PHE LEU GLN ARG SER SER ASN PHE 
(Nj) ATG AGC TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT 

20 25 30 

GLN SER GLN LYS LEU LEU TRP GLN LEU ASN GLY ARG SER CYS LEU 
CA6 TCT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG TCT TGC CTG 

35 40 45 

LYS ASP ARG HIS ASP PHE GLY PHE PRO GLN GLU GLU PEE ASP GLY 
AAG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC GAT GGC 

50 55 60 

ASN LEU GLN GLN PHE GLN LYS GLU ASP ALA ALA LEU THR ILE TYR 
AAT CTG CAG CAG TTT CAG AAA GAG GAC GCC GCA TTG ACC ATC TAT 

«5 70 J, 75 

GLU MET LEU GLN ASN ILE PHE ALA ILE PHE ARG GLN ASP SER SER 
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCC TCG 

80 85 90 

SER THR GLY TRP ASN GLU THR ILE VAL GLU ASN LEU LEU ALA ASN 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 205 

VAL TYR HIS GLN ILE ASN HIS LEU LYS THR VAL LEU GLU GLU LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLU LYS GLU ASP PHE THR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

HIS LEU LYS ARG TYR TYR GLY ARG ILE LEU HIS TYR LEU LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLU TYR SER HIS CYS ALA TRP THR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC 

155 160 165 

LEU ARG ASN PHE TYR PHE ILE ASN ARG LEU THR GLY TYR LEU ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA 6GT TAC CTC CGA 



ASN 

AAC TGA 




Fig. 15 a 
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10 20 30 40 50 

MSyNLLGFLQ-RSSNFQSQKL-LWQLNGRSCL-KDRHDFGFPQ-EEPDGNLQQF- 

60 70 80 90 100 

QKEDAALTIY-ENLQNIFAIF-RQDSSSTGHN-ETIVENLLAM-VYBQINHLKT- 

110 120 130 140 150 

VLEEKLEKED-FTRGKLMSSL-HLKRyyCRIL-HYLKAKEYSH-CAWTIVRVEI- 

160 

LRNFyFINRL-TGyLRN< 
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0131816 



IPRX402 



5 T 10 15 

MET SER TYR A5N LEU LEU GLY PHE BIS SER LEU ASP ASN ARG ARC 
ATG AGC TAC AAC TTG CTT GGA TTC CAT TCT CTC GAC AAC AGA CGT 

20 25 30 

THR CYS MET LEU LEU ALA GLN MET SER ARG ILE SER PRO SER SER 
ACC TGT ATG CTG CTC GCT GAG ATG AGC CGG ATA TCC CCG TCT TCT 

35 40 45 

CYS LEU MET ASP ARG BIS ASP PBE GLY PEE PRO GLN GLU GLU PHE 
TGC CTG ATG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC 

liSAl 

50 55 4, 60 

ASP GLY ASM GLN PBE GLN LYS ALA PRO ALA ILE LEU TBR ILE TYR 
GAT GGC AAT CAG TTT CAG AAA GCA CCT GCG ATT CTG ACC ATC TAT 

65 70 75 

GLU MET LEU GLN ASN ILE PBE ALA ILE PHE ARG GLN ASP SER SER 
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT 

80 85 90 

SER TBR GLY TRP ASN GLU TBR ILE VAL GLU ASN LEU LEU ALA ASN 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 105 

VAL TYR BIS GLN ILE ASN BIS LEU LYS TBR VAL LEU GLU GLU LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLU LYS GLU ASP PBE TBR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

BIS LEU LYS ARG TYR TYR GLY ARG ILE LEU BIS TYR LEU LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLU TYR SER BIS CYS ALA TRP TBR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC 

155 160 165 

LEU ARG ASN PBE TYR PBE ILE ASN ARG LEU TBR GLY TYR LED ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA 



ASN 

AAC TGA 



Fig. 16 a 
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MSYNLLGPH S- LDK RRTCMLL-AQMS RI SPS S-CLMDRBDFGF-PQEEPDGNQP- 

60 70 60 90 100 
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ZFNZ419 

»-4^v«»-i>r 7-4B 



5 10 15 

HET SER TYR ASM LED LED GLY PBE BIS 6ER LED ASP ASN ARG ARG 

(Mq) atg tct tac aac ctg ctg ggc ttc cat TCT CTG GAC AAC CGT CGT 

20 25 30 

TER LED MET LED LED ALA GLN MET SER ARG ILE SER FRO SER SER 
ACT CTG ATG CTG CTC OCT CAG ATG AGC CGG ATA TCC COG TCT TCT 

35 40 45 

CYS LED HET ASP ARG BIS ASP PBE GLY PBE PRO GLN GLD ILE LYS 
TGC CTG ATG GAC CGC CAC GAC TTC GGC TTC COT CAG GAA ATC AAA 



PJEUII 

i 50 55 6B 

GLMU.ED GLN GLN PBE GLN LYS GLD ASP ALA ALA LED TER ILE TYR 
CAG CTG CAA CAG TTC CAA AAA GAA GAT GCA GCG CTG ACT ATC TAC 

65 70 75 

GLD MET LED GLN ASN ILE PBE ALA ILE PEE ARG GLN ASP SER SER 

GAA ATG CTG CAA AAC ATC TTC GCG ATC TTC 06T CAA GAC TCT TCC 

80 85 90 

SER TBR GLY TRP ASN GLD TBR ILE VAL GLD ASN LED LED ALA ASN 
TCT ACT GGT TGG AAC GAA ACT ATC GTA GAA AAC CTG CTG GCA AAC 

95 100 105 

VAL TYR BIS GLN ILE ASN BIS LED LYS TBR VAL LED GLD GLD LYS 
GTA TAC CAT CAG ATC AAC CAT CTG AAA ACC GTG CTG GAA GAG AAA 

110 115 120 

LED GLD LYS GLD ASP PBE TBR ARG GLY LYS LED HET SER SER LED 

CTG GAA AAA GAA GAC TTC ACC CGC GGT AAA CTG ATG AGC TCC CTG 

125 130 135 

BIS LED LYS ARG TYR TYR GLY ARG ILE LEU BIS TYR LEU LYS ALA 
CAT CTG AAA CGC TAC TAT GGT CGT ATC CTG CAT TAC CTG AAA GCT 

140 145 150 

LYS GLD TYR SER BIS CYS ALA TRP TBR ILE VAL ARG VAL GLD ILE 
AAA GAA TAC TCT CAC TGC GCA TGG ACT ATT GTA CGC GTT GAA ATC 

155 160 165 

LED ARG ASN PBE TYR PHE ILE ASN ARG LEU TEH GLY TYR LEU ARG 
CTG CGT AAC TTC TAC TTC ATC AAC CGC CTG ACT GCT TAC CTG CGT 

ASN •** 

AAC TAA 
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XPNZ420 

IPM-piIFH-^2^"*^>IFH-l>J^*~*"l lCyB^^->Ser*^J 



5 10 15 

MET SER TYR ASN LEU LEU GLY PHE LEU GLN ARC SER SER ASN PHE 
(Ng) ATG TCT TAC AAC CTG CTG GGC TTT CTG CAG CGT TCT TCT AAC TTC 

20 25 30 

GLN SER GLN LYS LEU ALA GLN MET SER ARG ILE SER PRO SER SER 
CAA TCT CAG AAA CTG OCT CAG ATG AGO CGG ATA TCC CCG TCT TCT 

35 40 45 

CYS LEU MET ASP ARG BIS ASP PHE GLY PHE PRO GLN GLU ILE LYS 
TGC CTG ATG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA ATC AAA 

JEXllII 

^ 50 55 g0 

GLN LEU GLN GLN PHE GLN LYS GLU ASP ALA ALA LEU THR ILE TYR 
CAG CTG CAA CAG TTC CAA AAA GAA GAT GCA GCG CTG ACT ATC TAC 

65 70 75 

GLU MET LEU GLN ASN ILE PHE ALA ILE PHE ARG GLN ASP SER SER 
GAA ATG CTG CAA AAC ATC TTC GCG ATC TTC CGT CAA GAC TCT TCC 

80 85 90 

SER THR GLY TRP ASN GLU THR ILE VAL GLU ASN LEU LEU ALA ASN 
TCT ACT GGT TGG AAC GAA ACT ATC GTA GAA AAC CTG CTG GCA AAC 

95 100 

VAL TYR HIS GLN ILE ASN HIS LEU LYS THR VAL LEU GLU GLU LYS 
GTA TAC CAT CAG ATC AAC CAT CTG AAA ACC GTG CTG GAA GAG AAA 

110 115 120 

LEU GLU LYS GLU ASP PHE THR ARG GLY LYS LEU MET SER SER LEU 
CTG GAA AAA GAA GAC TTC ACC CGC GGT AAA CTG ATG AGC TCC CTG 

125 130 135 

HIS LEU LYS ARG TYR TYR GLY ARG ILE LEU HIS TYR LEU LYS ALA 
CAT CTG AAA CGC TAC TAT GGT CGT ATC CTG CAT TAC CTG AAA GCT 

140 145 150 

LYS GLU TYR SER HIS CYS ALA TRP THR ILE VAL ARG VAL GLU ILE 
AAA GAA TAC TCT CAC TGC GCA TGG ACT ATT GTA CGC GTT GAA ATC 

155 160 165 

LEU ARG ASN PHE TYR PHE ILE ASN ARG LEU THR GLY TYR LEU ARG 
CTG CGT AAC TTC TAC TTC ATC AAC CGC CTG ACT GGT TAC CTG CGT 



ASN *** 

AAC TAA 
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MSyNLLGFLO-RSSNFQSOKL-AQMSRISPSS-CLMDRHDFGP-PQEIKQLQQF- 

S0 70 80 90 100 

QKEDAALTIY-EMLQNIFAIF-RQDSSSTGWN-ETIVENLLAN-VyBQINHLKT- 

120 130 140 15R 

VLEEKLEKED-FTRGKLMSSL-HLKRYYGRIL-HYLKAKEySH-CAWTIVRVEI- 

160 

LRKFYFINRL-TGYLRN< 
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Cbart 3i TPwxAfl4 
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5 10 15 

MET 8ER TYR ASN LEU LEU GLY PHE LEU GLN ARC SER SER ASN PEE 
ATG AGC TAG AAC TTG CTT GGA TTC CTA CAA AGA AGC AGO AAT TTT 

20 25 30 

GLN CYS GLN LYS LEU LEU TRP GLN LEU ASN GLY ARG LEU GLU TYR 
CAG TGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC 

35 40 45 

CYS LEU LYS ASP ARG MET ASN PHE ASP ILE PRO GLU GLU GLU PHE 
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT GAG GAA GAG TTT 

50 55 60 

ASP GLY ASN GLN PHE GLN LYS ALA PRO ALA ILE LEU THR ILE TYR 
GAC GGT AAT CAG TTC CAA AAA GCC CCA GCA ATC TTG ACC ATC TAT 

65 70 75 

GLU MET LEU GLN ASN ILE PEE ALA ILE PBE ARG GLN ASP SER SER 

GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT 

80 85 90 

SER THR GLY TRP ASN GLU THR ILE VAL GLU ASN LEU LEU ALA ASN 
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT 

95 100 105 

VAL TYR BIS GLN ILE ASN BIS LEU LYS TBR VAL LEU GLU GLU LYS 
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA 

110 115 120 

LEU GLU LYS GLU ASP PHE THR ARG GLY LYS LEU MET SER SER LEU 
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG 

125 130 135 

BIS LEU LYS ARG TYR TYR GLY ARG ILE LEU HIS TYR LEU LYS ALA 
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC 

140 145 150 

LYS GLU TYR SER BIS CYS ALA TRP TBR ILE VAL ARG VAL GLU ILE 
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC 

155 160 165 

LEU ARG ASN PHE TYR PHE ILE ASN ARG LEU THR GLY TYR LEU ARG 
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA 

ASN ••*■ 

AAC TGA 
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MET SER TYR ASN LEU LEU GLY PHE LEU GLM 
CCA TAA OCT KLSl TCT TAC AAC CTG CTG GGC TTC CTG CAG 

15 20 
ARG SER SER ASN PHE GLN CYS GLN LYS LEU LEU TRP GLK 
CGT TCT TCT AAC TTC CAA TGC CAG AAA CTG CTG TGG CAA 

25 30 35 

LEU ASN GLY ARG LEU GLU TYR CYS LEU LYS ASP ARG MET 
CTG AAC GGC CGC CTG GAA TAC TGC CTG AAA GAC CGC ATG 

2JU1II 

41 45 

ASN PHE ASP ILE PRO GLU GLU ILE LYS GLN LEU GLN GLN 
AAC TTT GAT ATC CCA GAA GAA ATC AAA CAG CTG CAA CAG 

50 55 60 

PHE GLN LYS GLU ASP ALA ALA LEU THR ILE TYR GLU MET 
TTC CAA AAA GAA GAT GCA GCG CTG ACT ATC TAC GAA ATG 

65 71 75 

LEU GLN ASN ILE PEE ALA ILE PEE ARG GLN ASP SER SER 
CTG CAA AAC ATC TTC GCG ATC TTC CGT CAA GAC TCT TCC 

80 85 
SER THR GLY TRP ASN GLU THR ILE VAL GLU ASN LEU LEU 
TCT ACT GGT TGG AAC GAA ACT ATC GTA GAA AAC CTG CTG 



90 95 100 

ALA ASN VAL TYR HIS GLN ILE ASN HIS LEU LYS THR VAL 
GCA AAC GTA TAC CAT CAG ATC AAC CAT CTG AAA ACC GTG 

£A£lI 

105 lie 

LEU GLU GLU LYS LEU GLU LYS GLU ASP PHE THR ARG GLY 
CTG GAA GAG AAA CTG GAA AAA GAA GAC TTC ACC CGC GGT 



115 122 125 

LYS LEU MET SER SER LEU HIS LEU LYS ARG TYR TYR GLY 

AAA CTG ATG AGC TCC CTG CAT CTG AAA CGC TAC TAT GGT 

130 135 140 

ARG ILE LEU BIS TYR LEU LYS ALA LYS GLU TYR SER BIS 
CGT ATC CTG CAT TAC CTG AAA GCT AAA GAA TAC TCT CAC 



Fig. 20 a 0131816 
Chart 3j (Cont'd. ) iS'/j/ 



145 150 
CYS ALA TRP THR ILE VAL ARG VAL GLU ILE LED ARC ASN 
TGC OCA TGG ACT ATT GTA CGC GTT GAA ATC CTG CGT AAC 

AfilEZI 

155 160 166 

PBE TYR PBE ILE ASN ARG LEU THR GLY TYR LEU ARG ASN 
TTC TAC TTC ATC AAC CGC CTG ACT GGT TAC dTG CGT AAC 

TER 

GGA TCC 



R<AMSYMLLGFLQRSSNFQCQKLLWQLNGRLEYCLKDRMNFDIPEEIKQLQQF 
QKEDAALTIYEHLQNIFAIFRQDSSSTGWNETIVENLLANVYBQINHLKTVLE 
EKLEKEDFTRGKLMS SL HLKRYYGRI LBYLKAKE YSHCAWT IVRVE ILRNFY F 
INRLTGYLRN<GS 
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IFNX406 

TRIPLE LETTER CODE 
REF>RESENTS TERMINATOR SEQUENCE) 



5 10 15 

MET-CYS-ASP-LEU-PRO-DLN-THR-HIS-SER-LEU-GLY-SER-ARG-ARD-THK 
ATG TGC GAC TTA CCA CAA ACT CAT TCT CTC GGC TCT AGA CGT ACC 

20 25 30 

CYS-MET-LEU-LEU-ALA-CLN-MET-ARG-LYS-ILE-SER-LEU-PHE-SER-CYS 
TCT ATG CTG CTC GCT CAC ATG AGA AAG ATA TCC CTG TTC TCT TGC 

35 AO 45 

LEU-LYS-ASP-ARG-HIS-ASP-PHE-GLY-PHE-PRO-GLN-GLU-GLU-PHE-GLY 
CTG AAG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC GGC 

50 55 60 

ASN-6LN-PHE-GLN-LYS-ALA-GLU-THR-ILE-LEU-THR-ILE-TYR-GLU-MET' 
AAT CAG TTT CAG AAA GCT GAA ACG ATT CTG ACC ATC TAT GAG ATG 

65 70 75 

LEU-GLN-ASN-ILE-PHE-ALA-ILE-PHE-ARG-GLN-ASP-SER-SER-SER-THK 
CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT AGC ACT 

80 85 90 

GLY-TRP-ASN-GLU-THR-ILE-VAL-GLU-ASN-LEU-LEU-ALA-ASN-VAL-TYR- 
GGC TGG AAT GAG ACT ATT 6TT GAG AAC CTC CTG GCT AAT OTC TAT 

95 100 105 

HIS-GLN-ILE-ASN-HIS-LEU-LYS-THR-VAL-LEU-GLU-GLU-LYS-LEU-Gl U- 
CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA OAA AAA CTG GAG 

110 115 120 

LYS-GLU-ASP-PHE-THR-ARG-GLY-LYS-LEU-MET-SER-SER-LEU-HIS-LEU- 
AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG CAC CTG 

125 130 135 

LYS-ARG-TYR-TYR-GLY-ARG-ILE-LEU-HIS-TYR-LEU-LYS-ALA-LYS-GLU- 
AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG 6CC AAG GAG 

140 145 150 

TYR-SER-HIS-CYS-ALA-TRP-THR-ILE-VAL-ARG-VAL-GLU-ILE-LEU-ARG- 
TAC AGT CAC TCT GCC TGG ACC ATA GTC AGA CTG GAA ATC CTA AGG 

155 160 165 

ASN-PHE-TYR-PHE-ILE-ASN-ARG-LEU -THR-GLY-TYR-LEU-ARG-ASN-««*i- 
AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA AAC TGA 



p.0 
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Chart 3k 
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IFNX403 

TRIFLE LETTER' CODE 
(««« REPRESENTS TERMINATOR SEQUENCE) 



5 10 15 

MET-SER-TYR-ASN-LEU-LEU-BLY-PHE-HIS-SER-LEU-BLY-SER-ARC-ARG- 
ATG AGC TAC AAC TTG CTT G6A TTC CAT TCT CTC 66C TCT AGA CGT 

20 25 30 

THR-CYS-HET-LEU-LEU-ALA-6LN-MET-AR6-LYS-ILE-SER-LEU-PHE-SER- 
ACC T6T ATG CTG CTC GCT CAG ATG AGA AAG ATA TCC CTG TTC TCT 

35 AO 45 

CYS-LEU-LYS-ASP-ARG-HIS-ASP-PHE-GLY-PHE-PRO-GLN-GLU-GLU-PHE- 
TGC CTG AAG GAC CGC CAC GAC TTC GGC TTC CCT CAG GAA GAA TTC 



50 55 60 

GLY-ASN-GLN-PHE-GLN-LYS-ALA-GLU-THR-ILE-LEU-THR-ILE-TYR-GLU- 
GGC AAT CAG TTT CAG AAA GCT GAA ACG ATT CTG ACC ATC TAT GAG 

65 70 75 

MET-LEU-CLN-ASN-ILE-PHE-ALA-ILE-PHE-ARG-GLN-ASP-SER-SER-SER- 
ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT AGC 

BO BS 90 

THR-GLY-TRP-ASN-GLU-THR-ILE-VAL-BLU-ASN-LEU-LEU-ALA-ASN-VAL- 
ACT GGC TGG AAT GAG ACT ATT CTT GAG AAC CTC CTC CCT AAT GTC 



95 100 105 

TYR-HIS-GLN-ILE-ASN-HIS-LEU-LYS-THR-yAL-LEU-GLU-GLU-LYS-LEU- 
TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTC GAA GAA AAA CTG 

110 115 120 

GLU-LYS-GLU-ASP-PHE-THR-ARG-6LY-LYS-LEU-MET-SER-SER-LEU-HIS- 
GA6 AAA GAA GAT TTC ACC A6G 6GA AAA CTC ATG AGC ACT CTG CAC 

125 130 135 

LEU-LYS-ARG-TYR-rTYR-GLY-ARG-ILE-LEU-HlS-TYR-LEU-LYS-ALA-LYS- 
CTG AAA AGA TAT TAT GGC AGG ATT CTG CAT TAC CTG AAG GCC AAG 



140 145 150 

GLU-TYR-SER-HIS-CYS-ALA-TRP-THR-ILE-VAL-ARC-VAL-BLU-ILE-LEU- 
GAG TAC ACT CAC TGT GCC TGG ACC ATA GTC AGA 6TG OAA ATC CTA 



153 160 165 

ARG-ASN-PHE-TYR-PHE-ILE-ASN-ARG-LEU-THR-GLY-TYR-LEU-ARC-ASN- 
AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GCT TAC CTC CGA AAC 
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Mucleotide Beguence of trp proaofr«»r re gion nf tph- ^ 

eipression 



1^1 



I _J , I 

GAATTCATTGTCCGACATCATAACGGTTCTGGCAAATATTCTGAAATGAGCTG'TTGACA'ATTAATCA'Hrr.A& 



-35 



Hine TI 



^Transcription initiation 

13 



CTAGTTAACTAGTACGCAAGTTCACGTAAAXaGGGTATCGATAAGCT . ATG . AGC .TAC . AAC . TTG . CTT . 



-10 



S.D. 



Met Ser Tyr Asn Leu Leu 
N-terminus mature IFN-S 



